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dlonion of It••~ita~\lity rH ,hia re''''c"" T!ol, ~.tnoJ ~.•• ~een
aco<e..rully ~,ed oy ,,! ..dov "-.r. ,i... .",,~ 521' ",,1 rt ..-.co~ '~l. Alt~o\J~.
on tI.e avOCAg<!', O<\ly eI~My percent or t~e 'oto.l poe. ar"'" c",,:~ ~
~eo.t<o'eli by "'. AVAI1.~1••1'!I"'0,.t. '~i. ?l',,!on or ,,,. 'htcl~,"lon
rlvo oNo.. or ","V.l'u.to '"e<e o:eA.'-CO~. '·""l"d.~n. =OC( ;-Or<> ,!."
ah"lb~tlon••<e r...1e by r.IAtive .h..... "",I po.I,I"". 0" ousul.,l ...
rroQuenOl/ dlo«lbctlon OW-Y...
An ...en,l&.1 ro~~lre~er.t roc =.."rin" 'he .1,•• or te.e p<>"" If
,~., 'Ile pcr.. ,u.' be "'P';t. COn,en,loo,l ov.n or .lr ~rylno l"oc.....
':'h. I,J"".d .,r......01 on.c,r... <en.l"" ror... In 'I>e pO". v.,u.,
'h. p.,-t1ow.U 0011 wolu ond""'¥ 1odHl' tholc ."on£"",.nt. C",,"ont
vol""" d!"yln~ 10 d...l~d. ",,01 • r ..u"".d.-y ,.0MIG"" vu 0•••«.01, :n
'h. rrouln~ "oP. the ooolin;>; "OU "''''ot b<! '.'1 rapid ,00Inl.l,o
:>oln".... ",I~ro<lon uc.<Ie" ~.odlent5 Indue.d In Hie vlol".Hl or 10. n"_
ol•• tI"". Th....."pl•• u...l In th! ......uroh vo .... ,.0.11 In dl.ono1on
",,01 voro rnpldly coolod In llQuld nltrw..'" 0' abOUt -l.?6"C. Vol"""
<hOtteo, Induood by 'h. r",."" 1r"ylng ..,1001 vHh o'ho" '0" vorl"l.. ,
h",' 1n Oll c.... 'ho .hrl"~og. vo.< ."•.11.
ThO ""Idlng vo'o' «,nc.n' v.. ro""J '0 ho Oll ."......Iy I."",c,"",'
.0.loblo ·,Hh , ••p••' '0 PO"" 01 .. dlot"lhtloo. poo••"en£'" ""0
.t"... ·""..lo '0,100 In 'he unoonn ...d .""'pee..l"" t .... n,. 'n. or
o""poe'lon ",.d to oc •• I.,•• I,."tloul." ",Olot""o_",,,lt volcht Oondl,loo
hod eel..lvoll' lln:. orr.., on tho PO"o ,ho dl''''but!OfI.
,
5~nle'~<e ond \:"~l".erln~ I'ch~2!~.!'.!.S'!.." ria"
A "!"n.er\n~ ."un' t" ..plain 'no otr~otur. ano 'he e"elM"'!"r
'o<o~,,,"lor cr O<'''o"".i .l.~ en .....I~qu""tlt.U•• halo vo> ""•• bv !....c.
(2Q.211. In. aerleo H 'uo pace,. he illoeus••" tho ar'OIl ••••" a'"
"dooU,lon. or ",,'tiel••••u>e~ "1 tho 0<,,,,,,.«10<1 om«.. , _, oeal<
vlt" the r.ot",. orr.. ,l"r.ne porualllltv ••"'IM.... OlIil avelllrg, ar:4
""00' ."or.d" of .""'pa«.il .hy•. ~l. "".1. " ••onln. ro,oN1M tno
'''u<tvro or ",. 0'''1" .t."" r,,,,, '>.• prlndol .. or eonolo """"Iotey Ml
"'7".\ oMelst,.,.. ~&itlr.o; u•• or the GO'>Y-eh~"""", ocub:. 1"Y"' th~ry
h. lnre,,"" thot lr to. ""'e,,tlal .".rry h TeO"O.O v>.on "'J.e.", 01",
~'I.I.. orp",••" •••" other. 'ney ~lll 10 orP"'~" aM n"cC'.Ilato ••
to fo,.,. "'Il~r.~.t... If tho onere::< or t!:••y.en In«..... wr.on ,>.0
pa"lr:•• apnr""." ..<I. othe., the1 vlll ~O'e '~&rC 0' "('po.,•. The
••d ..... vO(oO _".cc <>. H.MIH~ 0' eh,....o cho ""o'lP;' or , •••oll-
vo,"' '1"'''''' !nelv~o .~oo''''I.• te oo"con<u,lon. Ion vo.lon'o, "1•• «"00
""n.Unt, te"'I"""~'•••I'e of '.... d,.c•.' 10'., P". or.d &nlor. od.o,.,e;c".
le .Mv~o hovO'er ... 'fP,eol .... ,MC ••ol! vue, .yne~ 1. dtr_
ee,enC ,,,"" 'he dilute .u.~,.• lon. of ~ollolCLI ror whlon Coe <ollo~'
'heory vu <le.elol"'~. 1m""""", dlt'...r.oe. ""'~r ,n til. perUel•• It.
OIl••h.lIO. ooli <onoent,.Uon. lnte~o"I.I••p.ol"~. OlId _ppll •• rD,·•••
'on«.-.I.... ",,<le.otOllJ.ing or Clle double layer toeo,y v•• tt.OO!", '0 be
nelpt'vl In wd.'.Undi,,!! cr.e o_p.otlon 0'0«" u tn. va<oc ~onc."' 10
.uled.
,
!.loI>~c (201 ....ned <~.1- o~ <~. 4'7 .10e or op<lc,,", there I. not
""fnete"1- ".'e. for ,he O\f"'•• dOuble 1.....0. o! <he toll <"lloIO. to
d••eloT> fUlly. The .",,\1 ""O\>nt "r vato< peno., ,apr..... the ""u~l.
1""0<. nouel",!: tc.• In'e<;>.,,I<I. ",puJoI",,_ and t~r.b1 ",".>In~. 'eo_
Oe.<y ,"".rd n"••"hUon or tM ""nold•. flo ••uiatl"" ....... io ,,, 'e_
""H 10 • low des"". or pu-t1ele orlentoUoo an:l low unit ..elsht. Ao the
"o<Or Is In""••••o to n••, optb.., for. riven n~p••tl •••rfort and '-ypo
t"-" uoubl. layers noun. ',Le soil FUU,I.. w... though' t.<> upaM, .,,,1
'he elo<trolyte ••nceotr.'lo. to red",.d. The ,enlll,,,! ,edu••" "egr•• or
r10••ulatlo. woo ula to DC",1t .. ",ore oro0T1, ar'."....."' of parUei..
",,0 .. h\eho' unlt ..eight. ~1:'n 'Oate' I. lneruuo rut " .• optln",,"..._
ro.olon or Ihe oouble 1....... 1 .•..• <or.• t."o, ....00«100 10 n.• not .H,••_
Uv~ ~o.<oo hotv n r ••Uc1o" '"~~. rl.c~. !:'~C 'hou.~. 0 ""'''' o,J~,ly
... 'L"O",,", of p Uclu V&.I thoUVl' '0 exl" 00 't.e vet o!o~ .""p.",o
v!,~ tt,.. , .t OF'lr....." 'h~ unl' v~l.~. on '~.e we' .loe to lowe. b~••u.~
'h~ Md.d v.", M. ~llu.~il tl>e ,oil r ••Ucl~ concen,.o,lon.
""..us~ or 'he v,<or eenc!<COY, t'.o v.,~. ro,.oo, In o""'oo.,od 'oil
10 subJoe. '0 "nolon, vMc~ c~c.~.'~' .. , ,ne va,". ceMen' I, lC<ru.od
r""", th~ My '0 '!'.e vot .IJ~ of nr.tl."". Ioor.....4 .orpoc<!.~ .0<rQ
oll ••.o th~ .loy o,.,.'lele. "'O.e nea.ly !""oll.l. ~1'ln~ h14C~' un\< veith<.
Hevo.e •. "' M.~ IO<1ldl"" Va'" ,on"c'. inor....d .eapactl.e orfor< ""'_V
"",roly al\~n o....lcln vi'hOU' sl!nlfioanHl' aHo.l'-I: tho I"',U.lo 'r-d06.
LM"~ 121» 01'.. tr" WO'" or .~lt<r.oll an<l P..cey voo ",ojo <1"0" ,I·
oro'<opio =euu"~-<n" "r par,leulat. o.l.n... lon an~ ."lxned ...""bo" to
'nO f.brlc or o~...d c1a.v" 'f1,e a.\<o<loo o~ ~Ioro••ol'" .e."lu'\""
,
10 domo. vl<1< •
• !leu ",r<"~'h. one dl,...nolor.•l o=rr...loo. ~n::••btll'y .•tc., In tho
U.h' or hl. hyfIOthul.. Cooallol vitt> tile r.«or••e.per.oIble for the
r.,.... ..tlon chr""terl.U.o of .=poctod 00110.
(J I The "",co rl""""la«d ,"'pl.. hove ,""en .t••p'" .,....·'tnl •
••,...•• ""d d••• I<>p their ~.. I'\IIIl ot",ngth' at 'OIl ."dna In
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.) ror s&I:lplu p,-.,p..,.ed ~17 of opU""",,, aU "e~ho~. of eooopo.cH""
produce on aprreoiahle '~'f dercmo.~lon•• ano oonsoq""nHy. eUen_
tially .1,,110' noeow.a'ed ,t.u<tar.. are devdof<Od, ",,<I the """nod
of ."",partl"" h.. no appreciable erre.t on 'n" ot ....~th .h..,.",,«r_
hU...
1. fJlnJ1"l1 ."",pa.Uon .a..... 'he laNe" .heu ."dn.
durlc.g .","p.ctlon ""0, the.dore. the Mgt.o" d.~r~ M
<l1'~Ho1on. It also p",dueu the Mgh." poro_vo.te.
pr...u,•• ""J t~. 10"'" ""<"!Ith. ot lev uraln•• ""d
thr hl.he" thrln"Ol;e.
2. :"1"\<' «>",_,1"" .au,., slIgf'tlY 1... sh... ",uln
durl"" .""?&"t1oo &tid o""••~u.ntly 'he <lor-r.. of dlol"'r-
,Ion I, "''' q,a. 00 geeM as ror 'r...<lln~ <onp".,lo.,
:'llr "'ength••t 101< o"sln. are oll!:/lHy Hu.e. oM 'M
.h,ln••g. 10 .lightly le.s.
:. ~,"'lo o""ooo<lor.•au... lIul••heor <,roln JLdn~
co"o•• ,loo, <..,,[Un. in ••olo<i •• ly n""rul.t~ ",n.o~
'".e, 'he lc~••' po.,-,~,., p"'.."". Ot\d hiEn."
.... n~'.,••' 1"" ....In'. And 'oe I....' .h.l,,].......
, .
, " <0. p...."'. ceq·jl ••.1 " lr,.",iI. "",.couy
• " ,tI. uJiu, "' <0. cl.c"l,. c,~lll.,.y ~.. I ...."d••l" p"",,~,. ,, .. <0• .".r,ce ten.ion ., 'h. ".....JI"j'
•" 'h. con'",,' '"61. "r ""'lI.I"y ~lth '" c.pIU...-y v&t1..
,
H. poH~h'd tht H """,1<1 b. r ...lble t~ dete",lne tbe dlnrl1>ution of
.tfoctlve pore .&<\11 in 3 poren' ".'0.131, ""d ....Uoned 'hM eQrre.tl"".
tor _roory """'rr...lbility &.~d "p.Mo1on of the pr...u•• bad' ""uld b.
,"."IUd.
~•• l.po:.nt or ~PI''''.''' Md Technique
Orol<. ",,0 Rlt'er(12,)71 "oro the ~Irot to put the 'eh__ Cr lI...hbum
(.~) t. rue'l.a.l n,•. ':'h01 uoed. ,. ury dlle''''''.to., r1111n~ ohto1,
and a hl~h_pr,,,uNl """'. 00,000 pal " l"Wll p ur.) ror 'he """,plete
ore.ntioo. 'l'!'.• <IU",,,,,,,,ar woo rill.1I vlth pl. throue" I," opu bo""",
.Uled orr. nnd ple.ed In to. rilllnB pl.to1. Te.• <Iii .."".,,, " .. fir"
'''.ouo'e''. and <he. filled vlt" ".ronry.t .t"",.phorl0 pre.nre. floally.
'he dll.COIOMe. w.. pl .....l In n Mgt.-r""""" """. vhe.e ! .... ..L •• vas
arplled, rir", t)" nltr"!:_. ""d t~.n '1 rorei!"\ ell Into the I>0Io., up '"
to. 1::."1"",, vo"I"6 v~he, 11<. Yolt"e oha"6e. veee ',,,..uNlI eleo'eically.
They .u,c l\Illy u.e·' 'hl. apr...,.a' ... roc ob'aiol"ll 'ne !X'ee .1"" ~l,,"l_
I>u<!oo .u of ola'''''''''.o"" oae'n, ...,ely".; .lay, ""U".e1 gel, a«l_
Yated oaeboo anO Y.... iou. oth<e ••,orialo.
"iooJ"" ...c1 Coapiro (~ll d...lo~acl a coop...,' jevic. roc ltCecury
po.o.l.... try. TI-•• ir In.u'ur.h< .onal ... , or a ""o""""'Her, a flUlr.,;
d..lo., .M a po",.IOH". rre..uro vo, a~rlle:l hydraullcally, on'
eontroUed, ot.pvl•• prooauel"ll va. ""tal ned "y ' ..n, Of a "a.~c1_op"atoa
presouee genentoe, :'he lnst,....ent eoulcl b. operat'" at 10" pc<nuro
and the "et,,3I1Mtlon of pOc< al,.... h,~ s. 100 010<00. v po.. ibl•.
Tl>e I""., poc< lIolt vas 0.3 .. ioroo. Ttl. ""oe..atl"" ~ao d =in.e1
oleeoUy by vol ....."I. ccadlr.j!s. 'loolov ""d 50apleo l51 I .n'.... t\olly
us.d ,h.l,. lo,t,.,.,.,.ot to oMaio tn. pol"< .pe.... a of 'oel"'" ""<eclah,
Thor 0.100 o...",ptd te obtoln • pore oputr"" ror 0 ceruonoo "aIl~&rd
....1'1. or kno>m pore o!z•• , .hua ro,."it'ln~ all oatl,..to or tho ."oco
.onol~ol.no.





, " ~'" ro;llo'., ,. te'.l ~'" vol""o0 d ('," .,
• " vol",," or .",.11.. .h..~ Th. r.etor
0
I"' ... • •• ..
u
speoHio .ucr.o~ .,..,. fo"", rr~..ur. pennrn!o. vol"". ",","vco, pl"Qvl~.d




Yhue ,.\ I. toal 1"". vol.,.." ..p ..eooc4 in cubic centl~.t.r pe .. ~r""'.
""j ~ i. '!'.••pedrlc .u.. ra.e STU of the "'.'.d.... in "Qua,e ".t.... j'lCr
11'..... H• • 1'0 In'rO<l,,,,.d an anal,ol. for oaleul'tlns ~". putt.l. sin





" tn. 'U"~30< .r~., ,. n .• ~r<o.u,.., a;pHo.
• .. t~.• VB]"'" 1.<,".,'d
• .. tM .ur~.e• t.n.lon 0< ",.roury
• .. tho conUe' ."",le " .e..""y
tl.e n'lo l~f"J of fl''''l ••••• to LI"". for. non_clreulor ero.....tlon
"
"tr <~~ J"O~' 0' ."~......'.d.h "'0" ot,"", ""if",," 10
41""..... ' 0" \-,h'r"i, on.. wo ...H H~~' 'h. "<'00'7 to ~lov
0'-' wheo \ne orpll.d rre.... ,.. h ,elea••o. H M"ever,
t~'T' ore pOe.. v!th .ob-ll ."'''th', 'h••000 •.I1od lnl<_oottle
pOT", 'ney voul .. "0' ~. exr.ceted ,<> O"'T·ty wheo tho r...,UvTe
I. ,..1..... 1.·'
d~~l"~d t~~ ult\",.,. li~H of !'<'.~ di_'~, __...."l~ to the ",eth04 as
•
35 A, ~oer"fIOcdl"ll '0 .bou' 60,000 p.1. A•• nttH of f""t, (,0,000 pol
l1l ~OrTodlon. ~o, o"",~....lbillty of :><r<ury ~ILh p'onuro
.bould h. ",.de.
(2) ~"",p.uolb\11~y of .olld. In tb. Int'I>dO~ ~o~l"", may
Intro.1u<0 orro••
l31 l:n,"nppe~ .1, 10 ••ou.<o of .,..or In lnt."~.~ yol ........
Il:u.ur......n~.
(~) A ""Hie by.~o.o.l. ofro<t .•1< .• ~h. ~lnt'. tlo-.e ''''lul.e~
for .he "'luillb.lu," of :.,<ury lno••• lon, cA;r 'hlf1 tb. ~i."l_
".tlon 'u""'.
(5) A .01 hy" h .rr.«. 1.0......n<lon or - ..c"ry
.n.. dop u'ln,. ", in"icoto ,~.t eponl •.g or 'b. rore.
ro~b•• thon por•• lb~.olvo. are Intrud.d.
(1) "'0 ••• fnco to•.• lon or ...".cury 10 .ffe"ed to .""'...t.nt
by t ....r.,..tn'"" ~ut !.(> • sr~nte••".nt by purHy.
16) "!"r•• 1~~.1t .Oyro. or «ro' .""'0 rror> u.o ''''''',tlco or •
con.t",t •• luo for t •• eont.ct ",,~I. a ~or 011 ....pl••.
(0) ",. ~,..olldovn or ;;o.ou. nat«iol•• ur«l.lIy tho•• Uv!n,
<on"ri<ted orenlt\G '"'Y ~< • • <cro. of '''Or at U~., pre••ur•.
o • ~80 dyneo __ 1 &<l~ ~ • 1100" .
• I'h ,eopcH '0 hreak""~D or 1&r8er pOT", ~lo o~lr.lOD 10 ol"U&>"
LO ,~"' or ~:>O'&re (36). $.orokhov ''"te~ t~.. 0' tho uxir..." p,...ur•
..ll tho 1'0'" ~Hh UTT"'" Inl." ..re olther ol,ea~l rlU.~ ~l'~ "erou'l
0' 'rok.o ~OVD. 0' 'h"T O'TO"6'h is ouch tho' thoy ul·.h..on~ tr.• ..<or_
Dol pr...ur., tu' 0'" oot Ull.d ~l'h "erouT)" bo.ous. or tho s"",l1M" or
th.lr orHI".,.
F.oer.tly f.ill (16) oontribu<od .. poper ol".~ ot I"pro.. lf\i ,r., """0'
or ID'.",r.tlr.£ _,.e"'Y po".Lrotlo" ooto. he eaploy•• OD 0;J&r.,~ ~hl'h
rould provld... ,"... ls"" ,r•••"". or 20.000 1'''1. In .".~ltloo '0 the ""r.
nol r..~lngs or Yol"",o .ntorlog poT'S 0' oooh ster or lD...... I .... p,. ••tur~.
he also to<>~ ....dlr-s. or tre Yol"". ,c.olnl", 10 ,he ror.. In • .,h o' ..
0.,1.. or "ep< or ,~Juol,.-& pr........ till ""',. hi. ",u~l" or. rlTeJ
hollnlto. IllI,". ond .or."'orilloni" (U,,,,, dln,,.n' ,,,,,,",o,ur.. ),
brlrk • ..,pl... 0::.\ 0'''''' p"'lor.d ."IU••lly. ~e.U 00 H., orttrlrolly
po"'u' o""pl.s o"ve~ tho' .Jo.Uon occun r,,",, cyllndTlCAI pores only
"hen the rro.so" Is <Ir".p<oJ ~,..,,, 11< '" Ill,,~ ,r.• penotrotl"" r"..ure.
lie lur"oJ t~ot AO t"" rr...u,.. 10 r'Jo'od, tr.• InotoMllty,,~ '".• ".,o·.ry
<cl=~ 10 tr.• "..plll.ry n'e<! r."t re,u:, In .J•• tl"D or tn, ~<tc",y V"."
,".0 ,Tltl...l 11'•••"1'. I. rooct.c.!. ",,10.. ".ro 10 .""'~ <Il ••.,DtlD<lHy In
'he .ud.". o~ 'h•••plllory <IT' .haT;> chon~. II'. lu r"lus or ror'tOtu,"
fron v~leh 0 ore... 10 thO .ol=n or oo<n"ry r ..~ U Ir.lU"oJ. Jo.....
hypo,nosh•• thot :sero0T)" .UI be eJ."." ~r= • P<lr. If the ."erq '"n-
oltlons .... r.voroOle. I .••. voen the ct...,~. In .ud....".1'0 J. g"...r
t!uon 'h. vOTk ""D. "I:a!D", rn.l r.T.""". 00 '.,!o Luis I:e p....n'"~
on ..,oIyols "Mr" .!Iove" tl the flOn..,otlon rr...,.,... ~or " .... ury in 0
01Hn:lrloo.1 pc,..,. 1. JUit "'lco n", orlUoal r,..,nuro bd_ whloh "e"on"1
a"""ld b< OJoHe<I r""" tho pcr•. ~.orofo,.". l~ a oO'"'rlotoly filled oy_
Hoodod pero tho _ronry vlll bo OJo<tOd vhen tho pr....ure ""a faller.
to hLH the volue er the r",oetrotl<m rr...ure (proctioally thlo ".'10 Is
I/~ to 1/~1. o"oe tho odtlo.. l _Jo<'IOO pr....un 10 re"Ohe1. o,orcur:- is
lIkel)' to b. 'J_.«:! f"", '" flll ..d ;>0'. of >arylo,- <llL"IO<O" .. Iorot; whlo',
tb< dhmetor doe> not v....y "'/ • f ..otor or "ore tMo wo te ooa. t.' ....e
toe ox,",."",l fN,"ure wHI ba lover 'hM ,t. 1'''0'''°'100 Fre..""" for <t.e
lorg... port of tho »'''.. Henco. If ",oro"r/ ia rH.ln.' 10 a flll.o oy-
Undrl«l por., .'/00 "h.r. tho "",.."r. hl\O foll... to half M tho po"•• _
"o,lon p....""" , It aM"ld be 10 "o....ble .1ulllbrlu.",. Th. - ... or lr._
o""'plo'.ly flll.l 1""'.' 10 d.Hf•••uc; t~. ".renry v!ll ''''''''.f.''' '-0 ....
..."tieJ f""" " .• ]'Or....0010 .. ,f...·"e 1. ""'",eo t.lo~ ,~. ror.ot,mtlon
l.r..."r., "", ooly for thot port of t." p'''. ot whl,h the f,o••"rf•••
1. loo..,.d.
oonUlnlol: .0n5tr!otI0ll•••"lar&""oo.. Mel ot1".or lrr.~~,"'l'ln t .......
th .~o<tloo pro••"". vlll~. hlg.~.r ,~., "'" 1'0"0"0'100 pr••••,.•• rio!.
""'her ha. l",ro~"oo-l to. ,""" 'htontlon r.o,or'. Vhl.~ 10 'M rotlo M
.o\=e M 1":"00 f.,.. lnlo;; fiB•••, ",Moth.'I. r,....'''. '0 c~.• "01""'0
rUled "' I~......1""'" \ ..,.•. ~~.l.u.ly, v~.o tho ""ro .;«IHoo .co_
.IH. oololy or •• ,.,.S o<" ~fU'"' 10 01'. thLO ,n. lorl:'" pore InJl""
loto t~eo., t~. Poto,..t!oo hotor 1. U'.ly to ~o hl&". 7)".. 'n. ~eteo'loo
Pooto,. h "" Indlo.'.lo~ or tho loo<o"r...y 10 tn. ooov.o,loo.l Jh"lln;tlon.
Hill oot.loo<l tho ,0".«0<! 0''''. by ,h,... dlff.r.nt ;",oe-loro., lovo.vln.
r ••~o<tlYOly, oJoetlon d.... "._."'''' dato, M~ «"vOf.tlonal .ur... ,,"Itl_
pllO'l by (1 _ P..... ,!C" .-."od. 7h••• <orrootod dl",r!b~tlon. vero " •••
'0 e.leul., ••pedfie .".r.« ...,..05, ""~ "ere e_po•• d vl<h 'h......
on..lo.o f."" 6"_'0,pUoo d.... !Ie no,I ••<I t~ol on ,~. v~oJ., ,be be"
06,."".nl vlt~ Ine 6" 'O'I'lon .. t1~.t.. I. on..ln.d vh.n tr....""', i,
.orre.t.~ b1 tc.e thl'" <:eth"". Ili.l to ••• fo •• >!M.o tht 'no con••n_
tion&! po•••h. dletdtution """'...~""Id b. <orr.«" by "ultillyln~
It by (I _ ~.t.ntlon I".ootor) ...Mon, h. b.liev•• , .Uo..... ~,,.. aecura«
.""~a.le",, of 'h. na' ..... of tl:e 1"0" 'raeo In .1f~'<T.n' bodl ••.
_n,li<.tion, of 1'0•• cl,. tlo<r!t,;Uon
roo. ei,. dls'db",lo. bas fo"•.~ 'prE••Uon In ,.v.,,! nel",. s"".
or the 'rr!!••tlo", hove be.n ~.otloo.' crl.fly I, the ....U •• "0,10'.'.
~~••I '>0•••" .."t etu~l.a ....-=..I,.d b'lov.
hlltrop on, !=Il.h !l~' stuJI.d the ••htlo",Mp of po,"" .1,. <ll".l_
bu,!oo end o"e' "",. pno~.tl~' to •••vlouoIJity of ,=e .",bo'.at. "'l-
~T.~.te'. '!".y "".'1;"0; 'ha, PO'" '1_" .h......dOtI .. ',e !-.ro.·.~"'
b~a"". of '.'le'c ~!c.. ' I"~l·"<o," ~•. "e'.~' ~c.J.I< •• ""~ <he:;ool 0"""_
,!... Po"" o,,,,,,,,,eeri,,leo ,1e'~rt".!". ,,_. rl<v of ~oloc~.~ 1"0 ..,d ou,
of "" .'z.~,ot., tr.• v~'.c ~vtecC!vlt~ of ,~. ~~<rer...'~ ...~d 'h~ ~~"do"_
~.'" of r ....~~. o~.lor ~,~.oi..· ~d ,",vb~ cyd.,. '-lo,"ov... <r.• In_
'v~lo• .,..~.e. of 'c. co... r.O'-I;....' On v,.100 •·.. f~oe_o~..,I<~l
....et(oo' <"" rrooe~j l.'·""" MI,!!. 'nl '''. ,'-; '". eonotlt",,"t> of''-' .o.~.
T_,.y u,.~ • eHour." <.p'_l ...~ r ••nu," ap~... t"" ~"\Oh "ovld.~ •
r"tou•• '.,,,.a r",~:,<, '0 ".~OO pol. Th.y OonOlu,~,; e~..1 r<>~' .1 .. d!o_
ed",,"o" olO"~ !. "0' ole..l, ••1~t.~ <0 f'eednr. ,,,,,vlr.,o; or vlce
,..,oO.d; ~u, "'.e" o=bln.d vlth ccc,.ln O,hO' n.hb1e~ It 'rpe '0 to
"
(~I 1< ,'aY~cn. ~.... lr'i" r.~~"' jo~co's!~r. II." ~.""., i'
<er..,I" ...o. 'M .j,. "otrl"cl"'" roo ,r.• or""~r.,, Ie. er:,,"".
(l) ;. ",'I.". v.,.~r. d"."", "",I I' b ~ "..,ocre ,:'
,~. eo:.t!,. re""l",I,.; of 1',,",,_" 0 -!.r••.
:-'1 ~,.• r."'~!_l·r ~r lQ .. ,j:,., :'. "1":',',1" I. ~"'.,_
~.lc.• .l ty 'M r.l.~·.!v. 'l-,r1<.",IO" <~ 10" '\"".
i'·1 ~h••• '.ro.Cloo o~ ".e I •• -·0": 10 .....'.a•., n",_roel
~, ,~. fore .1,< , •••rl.,lo, ••
(~ ~r. r~'lo ot rro_ ",0 ''0_'.' '-U" rl-.r.r. ,,,.,I,.c .... t
'I.• " ••1".... &r.~ ".'iU';" ,,,nEHor. "00'. ,n.v.or ••r."~
oe ,h••1<..0 ~"J OI;ce!o",L, of t'"••.
(,; M. cr.• r<',.,U ..... «"1'0"0"" \.,1"000 '1 rr~.,!"r
(.~rll:or;·. ",.t.~n. 'nerr.>•. VOl r_,,,,.,o,e. r •• ".'0.
""" o.:«>H,! ~",·... r 0;0"4 r.~.'.~ 0'1""'" .\ •••.
\71 :,;. 'he ~• .,.ro!~~ ~~"_Ot 10 \0. "_oerooo:I,.,' 'oe<"y,
""""l'''~;"_~ <icc"" "'~ ~""~,Ic" ,0<\',,,'.,-,"< M'«< oc tte
col.,he fcoe'lol< 1X'10. ".,-..ol~,..
(~I ,c. tl,< ~leo"o-o,~o'lo ,~.«C;', ,,-r~ ",- l""l«"lJ'
ooo'col, t'.e ~~da", ~~t" ~Ho,. '0' jo~"~e I')· ...' ~,~
cooo,,·,·.', ~o~ ,""" '0' eleo"'"-o,~,,H- ~o,hl 'l' ~r tc.e
sy",,,,,.
(~) :1., tt..l~ aon r",~.n!e. ~,rsre."ly IMe .~o-" .. ,~~
r..tuc~ "r r~O"' "ool"n ,·,eh .. , ."eelo.. , o"'i.,uH;· '01
I"'C",,~b;l!ey 0" orohl.y ~!'eCI 1'\.r.,'10~. M I'_~ ,!~'"!­
huelon "r ",TO ,l'e,. ""0'. Ite"",. Ihe" "~;"l"".lll. o...,ooe
~o f~..ec,t:;· ex;~o,.ed "a'''.",..'!~d11'
dl&crlhuH"o.
Ao 0 ce."it of ..~clr..."tal vcck, Coat!l7 an~ 1'""n.en~ ( 1) conol""ed
'hat I"',e ohe dlat,lbutlcn .ould co,,"lt,,'e a ouHable edt.don fo,
"t1nr. 'h. fro" au<o.ptibility of '011" a ••H.d"" '"P<>'\o, '0 •.,.<en'
~ca\n_'I" d\"<lb"Uon &,,101<0.
y.u.~ ""d Y.unlo 1\9) .,••d ".cc""y perc.I"",,y 'Or .'uJylns 'h. 1"'""
","H"," ef ,..o«>c.\I • .,I .... ,"" ..ct.",,~. <c"n,. TI-."y oh..aO<.ch.d the
dl"dbu,\on. by ,n. poc. dl""ece. at 5C~ cf n. tc'a\ po.o•• ty, ar.d tt.e
r<'<c dl",,",e, at tn. poln' of lnfl.Hieo ef dlatcibu\lcn c"",e,.
l/i".I"" ar.. 1l'l..,ood (5~l .oed nucW")l" po"",l-.","l' '0 "'...~.e 1'0'"
10 f'<>:-tland .e"",n, pa... vlth dl",et.c. betveen iOOO " oM O.ooI'~ ... 1'''eY
e.ployod ••.ev ""."'-ro'. I"'.o>l~" ,d d ."ch !n<toc til.
dlf!e,cnee b'"'"''' th.o•• 'iool ""J .ffe.tI~. o~«ury ."""p""oolLl.lti· and
nutlot d"" to .c"T,eulon.
Po,. ,i<~ dl,,,jh.Uo'. J." hav. a:,o oee" use~ '0 p,eJlo' pe,,,"_
aLll!'y 6,i81. !:look ar.~ Ilooc."" U81 pro!"", ,nat tne ooo,"i'utioo
or •••h po.e ,,"e 010.. b••"Ie.ato<l a" ."",bl,.ed to obtaIn 'h. tOhl
flov nt<. 1'1-.... OLtnc.. ~u.~ced ••,~oabll!tle. vlth ••""... .., •. h.od
r.,.... ...""...,. lhe In,dn,ic pe".eaMiity v...alculot·~ 'y tne =;;Id.n:
.quati"" .iv""••d by Killill"', ",1 "".c<.
Po•• al,. ~1""it~Uoo. In .011 v.c. ,tueloJ oy N ......o~ (01. v'o
.ollee"o Info,.,..Uoo .hout • n"",ocr or •• f ••~"o•• lay ,,' •.eral •• ••\.,••1\y
occu""i,,~ ••holh, ad .odln.n.. :! ""d ocnpaol.d .~r.lo.l clay•• M<>IIt
o! t!'le vo~~ voo cn ov•• ",I., ,,,,,pi... bu' he al.o p,..o"'od .urve. for
,,,,,pie. dele:! oy both f'.... 1"Y1n;; "",<I .dtl.al r.tion Or-/ln&. The
Quntlo. or a.~~rote oor.toot anglo h.. bee. d••ac.d In U-.. 1I"",u",
D,,,,,,,nd 1 9 l .at ou, to .ctoally .....ur~ the contact on~l. hy the helt""
01 .....
The FHhi~n UIlt< exhlbHoi on ...,r....,11 'Ugo,' oloros'ru",ur.,
•
~I.h ",uoh pore yol·.lIt. 01 dl"""'.n I ... to"n 100 A. This fin.c.... is be_
oon.oli~.t1on o~ " ... cl"7. Yor ,he Cloy 5r"'" """'''''rlilool'. ""d 'l••
• •
(;o.rfl.l~ non'""nl,. X_,..y to..l opoolr" drQHd ~r= 12.6 A '00.1 A .ne,.
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Hill'. (16) <ocn<""" lII.&Y iJ:lp",ve 'he eotl ...,. of <r.• I'Oc•• 1<0 41=<rl_
l>ll<\on. "", 1.. vall41ty 10 u yot unFcoveo.
ron> .I,e dh,dtutlon. h... tun "'04 In otu4yl~ 'h• • hoco.ud"I<.
of oJoenl Ilf:~"'l:ot<•• 10 e,..,lnlog ,nn PO'" ",Nct....O of .'~eot rut...
""4 In pre4lctl,,!! 'hn nov <hoc","rl"I•• or fO,o~. ,,"todolo. DI"",,04,
et .•1. ootolnn" porn .l1e 41o"lou,lo". or ••••nl o",....ol ""<<lrr.ng """
.o~......" '0110. Thnu 10 0 <loar In4iootloo tna, ,nl. ~eto04 <a. be
.uoon..rully "'ploy.d In .....".In~ ,n••t,..<t'.ro 0' <=~ot<d <1""•.
rroo,. r ryin~
':'he l'Teeu dryl." '",hnl~oo v... ",0.1 In 'hh .t~"Y for e",notlr.s
'M vaur of the <""'po.te", ,,,,,pl.. vitnoo' dloturolng th.lr ..ruot",o.
HI•• v.ll 'novo to,>.nl~v. In 'no dio<lplln.. o~ ololorlool. n.J1<.1
&n~ food .don,... I' i. e".rloyed vMrn r.orr.,.olo", .•0Iutlllty.0<I
<h_l<al Intevl<y of "'0 =te,lal I> '0 te \,<r.erved Thn nO:orlty of
the In.,,'urn rovl .... 04 In ,M. <..Uon h•• = r,,,,, t'.o 'WVe 41..1,-..
llr.....n<! ,""lot.. '0 ......,,.•• ""It. dln.r.n, rr"" ,oil •. Thorofo,""
n.• oonelo.I",.. dra.." I~ '"''I'. at"dl .. ore not ooo....d),y .I,..otl;l .p-
plle"le to '~e pc...,' ",tidy. Hov••er. ,">,10 TCVlCV I. !n.. r.Je~ to l".elp
in ulnl~~ ... un<lo>ut ••4Ing of <he vorl ... r.ctoc' I ••ol"e~ ...-.~ In =1<1""
tn" <O"COr" <lonr.
r..... dryic-« I. "Iff n' rrOlll no~l ov." or .Ir ,'ryi,~ In 'h.o
a ."ootlto'" llqul~_aol1d oHd_~.. IM,,".<o' for ,"oe HquiO £a.
fro.' of 00,.,..1 dryi"!!. A< u.e no=o l~pl1e•• f,oc .. drylr.>; I•• tv" rut
pr""... , "". vlll o••" dloou.....
leut un<lcntoo4 In de,.11. th~ce 1•• oon.loocoble <Ilsco.olon ""~ • vide
"peete,"" of or1nlon In lhe lIteTOtore on ,ne foru of lee l vMeh Oce de.
I. For. revl"" of 'h. fo""" or io•• the ru.lec Is ,."ferre~ to cere"""""
2,21.28 &nO 30.
vl",H" Llq~14 vM.r,
The X_r.... 41~r,.••1-i"" pa1-1-.rn. obaln.d~" 'h••u'Mn or.cv.d " ••1-
"In vltroou. Ic. dOlOO'ln, .xl., In v~.I.n 'tier. I•• 1-..,dene"
'ovord ,n• •.- l"Yer ".uotu" f,••cn1- In the c.,..all,n.
ph..... , oIthOugh vl1-h r."u,," 41".1""1-1"" o~ ",,!eeu1u vi1-"ln
'h. l"Yor•. Thos. ,,,,,,.1•• tI,vlc~ ver" neo.d" '"••.". 1"Y0<
.paelng ... ct.. «"0<0111,,. "".... ore .rr nt1" ,el'••unl••
ht tho&O h.vleg &1"..... dloo'••" .r. un .,l.. At ,",",.",..
'~re••"ov lG~oC. cry.<&l11,.'lo,.'o th. eLMe f.'Il ... ".S!'"
.1<>e'''''.., I'' ., • r"" olt.. In ,n. Uo,"abl. ror.••• ""d the
eey..alll,.t1oe at .aeh .Ito qulekl~ S,,,,·o '0 .!>out .OJ i.
vh."· runh., g'C/Vt1l I. Illn••re:l ny ""..."Ho 1.0"0'. ''',,'',or
crystallin,lon tolle. pl••o.' n...... 1,•• Inn.• un".' •• lO..
",,-In'. ,t" p'o.... ""ntleulr~ ""til .ll .cet...eo. ,.... <ryn.l ..
ll'od. 'rhlo ".'. I. nov .tabl••, .;1 t""rorotur•• below .. lil,"r.
~1>oV. _1"lll"C boo';' th. eo"!. M' 1.1:0 ,.",,1010, vHreoo. lee b.dn
to 'Mv <cnv,ro;on t.o <t., O1-al:l. h""ag<)nal p .... Th. Inel·,ldoo.1
.he. £"'v~~ '0 Mdcr~,c <i,•• , r<obabl}- '.Ur 10 u. Th. ul'~"'"te
.1 •• of th. cry.talll,•• ~llJ d.p.rul on t~. high" '0::1"""0" to
vhle!: the .""pl. I. "pO..d rOT • glv.n 'I ••. "
e<,"elu~.d 'h., ec"le Ice <1ld not .<lot.
(J) Ie. F"'oru. I" "'1""00' '0\,,'1011' .~O b. ol....UIo<1 loto
t""r typeo: tl:.I:•• ..,ono.1 ro=o. ,~. ;"'6chc o.n;1,lte•• '0.
oo.~••pheruJI,•• 'nd t~...,&<.e.OOn' .""""ell ....
(~) 'I'll. 'yp. ~hieh will ~ev<lop 10 a parUell.l.u oondlUoo
d.lH'od.s prl1l,arl1¥ On ~h. eooll,,& rMe>, ~opldly .""l.d .olu_
'10"" ....y hav. very o<:cpl.. "rue'ure. in ""Ieh vorl""" 'ypo'
of 100 ro....tloo lntlmo.«ly ..Iud vlth ..oh other ...d
".j~h the """'l'Tl'ous p '1'0. ra'. of oOOll"l; a",,,,,'r.e, t"e
deu.e '0 vh!eh tn. ery..olll,atio. 10 hlnd....d or l.hl~IUc.
o .""plet. InhloHlon 'eoultlr-ll I. "'"" pre•• rvotl"., "r the
amorphous .ta".
0) 0,,0 of tho rour 'l'P"', tho ''I'L~e.oont .pherulHe, t.
al'P"'en'ly In a .Ut. of lnO,,",pl.to ery<ulll,.tloo. 0"""
r ...... ""I"$ tho .peol:r.••• eryotallluU"" 8"" to ._plotlo" t.
a rono or 'reoc:<"dll:Atlo.' de.I~...... u 'IrrtlpUve'.
(10 Ott", t)"1>o, or lee ro""",tlo,,•• u...ally pr<><lueed lr, ropld
rr..,IOf: aho «ontain a..oclal vnloh u"aer~oe. Irruptl.e r._
o",,"o.}ll"""'" ~hu., 'oo n'no1,\' or 'he .Hoot> "r raplc
rro..log, In ~...rol. Is ., tloJly ...~<ty or l"o""r'ot.ly
ory...1I1'ed ""a of ""orpcou ertal ••hl•• o""pl.... Its
<ryot.lll ••tlen "pen teln~ '"""''''''''',
(~! ~In<o 'h. "aud,' .uhJ'ot~ '0 r"..e orr""" 000",0,
or. ""orph"". r"rtlon (b""nd vneer vhloo <loo. ',u' .ry.u.lI""
., ""y t""rer",,,,,1. lr.d. ",,"Ion I" vhloh t".e ory"~lllu'leo
h.. bee" p""1¥ l5:peaed \>y r.pLI .""llr.". 'h.re I••lvoy••
rr~etlen. One" 1~P'>rU"', .hi.' """ never !-eon rrc'"n "n~ 10
no' rro... c,iea but Is ",.r.'y drle~ ., ;ov to~per",uce. In
<o_.ollea 'I'..u;o r,..u. <i,.yl"~'.
"
a" M~M< v.," oon'~nts ""d l""ec ' ....!H'<Mur•• gave NnlU ~h1.n "'r<
.".Ib"uoi. t.o ""OlIonal I ••. ThO)' po.tulot.~ th.' the orlentotlon of
'he cia,)' putlclu dete,...,!ned ,ne "rlen,.,I.,., or ,he I •• cry«s!> In tile
fl"'Oun cla,yo. Cla,v pa".lcle. act .. efrectlve loo_no.lutlng agent •• "".
tM 0_&X1o <>f tn. 1I1croerY.'.h or I~ <end to Un In plan•• r>e<pendlcula..
to the '_&lIto of the pl.'", elo;t cry,"l•• The•••uthoro note 'o.t •
• "",ple'oly &1'0,",,"""" f.r.. or lee "'"1 af'l'cor vhe" va'o' UI"'T 0' .. pr.u .
<>f about 10-5 to.. e".,den.u on • ntl.".t.o "' ,,< telo" _IOO·C. A .H ",,"
tono. ".bl••• hlgher • .,.per......... I. also a.oko""letge,. 1'I"..... fo.... In
tool .. JI>'l~""cn., .. fo ..... or lee In r"" •.,n 01.,. oHforcn< to.. ". nOJ"<l&l
<'ld)'lOlte ."".,,,'" .nould 0.< be surn ..t,l,,!!.
The. 0.100 pt<lpcu .r.e ..io<enco or an w,f...«., n,..lcroacnn1c ",,,e_
tural lo,yer of ".tee ••pM.UOg 'he oJ"" ."racc f.QOl thc icc. Altoo""o
thc nat",.. onll dl.trib",loo or tI.. tvO rha.eo t. nOt vcll ""d.,..tOGo,
it I. tho<lgtlt thot 'hc Wlf",<on "",cr ",,1 lc. or. 10 o."l.lbri,.,. 'rhe
..i~ntl"" of particl•• Ma othor fo..i~n ho"'.' "".0" ot "" ."'..~cln.·
rrc..ins fr=t 10 H.• r••"H or thin ""r,..,,,n I.,..r.
Lo.dl (n) concl"o." <r.M 'C"" o"bo.anUal proporUon" nt 'oo tot>t.l
"oil ool .."rc or rt"e_~roin.1l .oil. rc.n'n. "nfro,"n "' '""'p.r •• " ....a a.
coin ...2S·C. 'I'!l. cor. elayey tne aoil. thc ~rnter the qu"ntlty or
utI","n,•• ""lOt",,".
In 0 r..ent poper Deb.""o ..~<l ·;er.~cr (II) de.crlbo. nO" dln,",,!,ie
vory 1."" «eperature ann rreu"r••. 'I'!-.ey vapori,oa al..lllo', o,"~a••cd
va«r In 0 ....,,'"" cn."b., .olotolno' 01. 10-1, "" or ",cren!')". 'I'!llo v",
d.m.lt1 "". produc••. '!'l>"" ud•• tM '_pcrnur. ond eond.n.l1>3 '0'0
or v.«r ..apor ot the r.o«n .urr••••« .... ,no; or t~•••urroun"lr.••.
'n.. ."1'0..<1"" :>01.... 10. eolll<l. vlt" <t,o ,urro""ol", oir. c... lne H_
'h. r •.o;loo ar ,no oou'''''''':' bow••n ,n••a)!j ""j ,h. oir. :.rr ....."'.~.
tho hlrh.r U. "".contratlon or v.«r ••por. '0.....,er <C.- pr"".blll,y
a~ ...'urn. TItI. It"'" e.u>. eoopl... « ...·lon or .r..1"" in. clo.cd
'.~o.n'u,.., eirr...n.o ••W ••n 'h••'.",ntin, .",roe ...~" <II. "",bl.nt .1 •
."r"""o tho .,,"o1orin•
• J s"••onelnr "",IOn or a o<r."-- or Jr;.· air or ......t




or • 10" pro..uro or .i.
..por.,....""'.\n......nt.
11 tho lntl"O~uetlon or neat to .uOp11 tho on..lP" n.,..... ,.,.
ror .c.ll ....Uon;
2) t~ """ore, or vat.e vapoe fr"", tho .u~ll~at!ni 10.
oryo<al tMOugJ'l the .l...d,)' del.d .!l,ll or tll< .~,ol""n",
J) th. ",...,v.l or vMoc vapoe that coa.h.. tM .ver.e.
or th" '~"l.....
at""., I. a runetlon or til, &vec......p..d or I," acl,,,"~lo•. 7.0 ....,,1_
to ••uer.e<o or ov.pontlo. ace "'<>:1. v'lion ...... ~o'lt ;I~.::r '0 o'.'ro.
very high. '!'h. onlJ" fove. thu <\rh•• v.tor vapor rrolll tno <1rylng bo",,_
wator VOpol cl"".
;rodl.nt b."'••n ,n. ,pocJ,"", _urrac. Otld '".~ eo"on..r Is '.'.... ry ror
roblng tho concontrotlon.' tn. l.<>uncl.,.,.. but thlo "'.';' bo 110l.1tei by
loverlng the to",~erotur. 0' thO con.or..l"", ourr.c•. lIe.t d••I;n. ".o~.
",a of this o.eon' .ppro.en. n.• n.nc'lo~ of V .• nc"",,, .n''''' h ,~
~rovl" 0 lo,.,g "...... fr•• p.th, .0 th.' <r•• tnn.for of ".'or vapor _way
rro~ tho .pecllll.n ...rfac. h a••fficl.nt a. ,'.otlc.l, i.e., vito 'ho
",l~l","" n",,~' or colli. Ion. er. eo~,".
OJ ~.a'" .e. provld•• foe tOe tn<rMUCU"" or nCOt, ~eeel"",
tne c1rylng oound.,.,. u tho IIlAxl"-,"",, p..",I ..nl. t_p.nt"ro, 1••• ,
-..1."", v0lK" pre,".,.. for. gOOd .on"en<r~·_lon ~,uieo"
l<lColly, 'he .~c<I",,~ "OUld h ,o'r.~Jc~ ",," vowd ",,·.d.e hu'
t" roiliatioo oolfo_, on all .lil...
12) fA., "1"" ...."Hor ,~rooo:i> c~. drieo .be11 .hoold be
able '0 Ulle pl,.e. Sine<> thl. d.l"'o", b... i ••ll, o~ tbe n",u,.
of lK"00, JlJlto,IoJ, ...,........ "0'" ... rc10.lns the ,Mek"e..
or tb. 'I"'ci...o ...d p'Ml.r.ins of hoi .. t ••bou' .11 thot ....
~e Ii""e.
(lJ An ....." ...Ii .J.....n~uld •• a.,llal, •• , io _bl.b ""lil·
.t...... "" Jlbi",,!, ! ,.".1 Ho~ .0"1\ ....... ~,~. ro",.
(I.) A••"."n,I,....urhee, uintai"......" :ow "'F~,"or~
o.r.~ vapc, .'0....,.•••"""ld te rurnl.hee. :o..lly tit. COb'
'l<r.• lcF .",fnee .h""ld .orr ."," tI.e 'I~ol""",
~"'~ untll .ot:l ....'io~ tc.l~rot."'. or '0"" .c·,e. arc 'ir,o.".".e';, ~ot
a' 10"0' '-"'leF'W'·. (;~•• 'b"" ,~~OeJ, n._ var<-' F,.u'Jr" ~ i". I, I~"
~r .'J""."I' ee •. ,O<'.! ... t,entr"nlte, "".j .,,~l.·,d'e, oM , ...In"" JI rr••e,
'Ion ".e •• I~ a JO"o' ,on.;' of 26 r ..... ~,)o " ~o on:! it, a tLll\h r",,~' or
3.~o '0 ICo. ThO" <!".y rro.. t~. "lI:~I•• v!'h a """&II o~ ooJd .achO"
"
.U""H '0 thaw atld dHtraetloo .non woro ~d••~...! ••d. !ll' <x...lnln~
thne ....,•• thoy conclu"" th., t~ <xpan~.d lM..l..,..,. nno<ur. or 'h•
• won•• apecll><n «.n.po•• upen fr~tl"G, M ••n 'haYing the gcl ..<turc••
'0 ito ",.lglnoJ. a..'._ C""puloon of nrhnt••ion curv... a."".d thot
th... "'..... do.reue in odenuUon 00 fr... l,,>:, "'"0 "'a' till. err••t i.
"0",••• 1010: ,1>0 original odenutloa b~l.g ,..,to.... on 'Mvir.g. Thoy
""•• opeculated "n the ",••"".10" of colla.... , ",otlor .ho.' at!•.,..nUy no
~Q" cn""so ONU,.. durl,,£: coollog WI,ll 1cc i. c>•• erYed '0 rOth. if It
i ...." .... tha, \ .....yoto.l. nucleat. at r",,~OI'I '1"''''''60 the ~el. toc.,
... thue <"""010 grow. vater will "lrrn'. to thol, o"rroo•• ano at \l-.n
.""" tl,.. pre..",.. will l>e .,~"." on '0•• ld•••• J.,..,., ..... !"!! l<><ai
collnpu. :'01. ""3 dIoN;>' the p ••r,,,,.., odentation of .~sy ,."'tlel••
u veIl. n ..y 'Mol< ,hac a~,"" ,no"t"". dl~~.& lo~lo 'ou"l. I",.".,
v!lloh ¥OT& U.""'yed OtI r....ing, will " •••_....hll."e,l "," 'M c..~I'lo~
o...."io ~.p~Ulon "IH ••"cro 'M day 'c It. cdr.lr.ol oocol,lcn. '!'n•••
o~"'~o" ~al<•••nbile r""'''~ Ih.....,.ll ooH.......... c«ur <m c17I ....
l' 1. In'.ce''lc.o; iO ""LO n.". 1."."1 In" a"=rIlOtl of io' nu"luHo~ "y
Ih••e au,~.oro 1o nOl dIffer." fro<: L.'~ d.c,,",io~" of ~hlrlon. a".1
Ilhlte 11l. ¥no po.t,,'at.J Ir.at Ihe I". 0·,.1.1 ••e fo,,",e<j I. 'he ""0'.
non=al ¥o<e" in 10" lar«. por•• bet¥e.n " ••" o~ .1&;1 "lne.al. re_
r ••,," 1o .. 'UO<:JLln.' ra'.".<e 'han h.w...,c Ih. elay ory...1. "ahln a
"",,"1" .
It h ~"'flUbl. '0 e.ac.!ne volll..., .h",,~.. inour",; by '00=1'
f •••U"~, H.,,!\t.oIl (jJ) .""paOl.' five Aloe... <1&;1 .01:. b~ a. lop."
."",po"lIoo p.ooo<!"n, In."lo\OU '".~ co Ihe .Ia•• .,.,d M""" MJ .frect«l
a ""ldlceetlenal f •••• ing ~""'" t"" ...bl.nt 1o _'1°r. He OOLea 'nat
dud06 <h. fr.e'lng pr""....hrlnk"<!e of tile drier '''''pl.. o••urr.d. ""J
bll"e... of aic be."",. '''~p''d b<t~••n 'he .idu of th.....pI...nd H••
""bber ""..bc......... ,1 ioet~o.n t,,~ top or tho ....rl •• ""d 'no oOdoof"
Ho dlo no' ob•• eve bubbl•• In 'no•• ''''''1'1 •• ~"I.n e.p...o.d upon rr...lng.
10 nil ,,,ps. fc...!"s n.ultod 10 "docco••• or ''''''rl~ JI .... tec. ~hll.
tll••"",pl. l."~.,, 10.",,,,,eJ or <1e.,...~d d....n'!!.g upon tb••""'p.otIO<i
IIOlotu," .ootont ond uni' udght. '1< .• ,.,11<:06 In r."r,"ra! of ",,,,pl.. "',.-
ea.«" on .n. 0'"' ,Jo. or Oft!"""- "ol..,.e••b,an;' ~"l .• '."" ."";0""'"
0<1 '0. ~oc .i•• ".r......d. f~e"..'. 0 lug' pu,! 0 ¢t '''' 'o'~1 "1.,"~iO<l
".""g. ow.r",' l""pol"tely ·.pon f ..... 'lo". n~' '0. '"".!""rn'ur" '""er of
.)OCr '0 '~O°l'.
He n,'O f'O"~o"..' qolic """~,;n.. A'.' t ....~ie,~ >,,".J '.-unl ~"" R' 'h_
e"" of ..'. ri". anJ " .. o,.! re""~-'n>v ":'~:"" ....pl. Y"I"".. ~c ...
~ru,"e '"OIl 'n~ ....."'",.,"<\ v?lu~"., "'r~rll",< of vo~'h~r '0" ""',>'
OIf""'"" Or ".""n< ul"'" fro«l'.j·, '".!•• ", "",.e 1-0°" •••••" i •. "< ~.",
n""u- '011,. 5y .,,--...in.- <\1_ ~"",a<U •• _rr"r' f ...... ~,""!~ej ......~ii'
.0 ~.<><li ~! •.j ;a~:,o ""~'~""" '.,,~ "''IC_r~d ,>.rj",.s,-" dc"r_~,n" ..... " . ',' I~ ......-
of .a,,,e,'l·'n ~oe ""-"I",",, ,hd""e. !o"<",,~". ':',i. ,.'."--" f,'","..! H
ro...,.,u!< to e,! •• in ."••,.dr.l;"'l< ,J-'_"'·..r.('c,On <" to_ t~.l, ar ",~ ""~.r>
""~ H<;"',~" 'h~"'"l' r r ~c<..h,& ,,~ ••"<"' f"'~'. ~i". v~~,-'l.r.. Ie
'~='_"'tuC", ~," ~~,.ve "" .~!; V"._e ~,."r",'f rolr.,. & .~.1i J"cr••••
In bu_k .alu.... Of !""ty 'R'Ye""'" .ril' ">!i ,v.. p_~•• Ju., '0 '·"e~.j
N"".&o.l"" or C-." In·Il.I~u.l o,,",p<>nrn ••. Uf"" f'<coinr. "" o'r..,.,.i"".~,.y
,."doo")' I••...,a'.d ~u. '" .~ll w~,"c ~,o«lr,r.. A' '"~ , ...~" ,i_ <'.'(ok_
"t:" rc'oo, • ..., ~I.c ~'OO.n" .In'" f,... ,"s Or th~ .011 ~.t....~~""•
• ~" .hlco'.... of ..J.C.~.d "",~r fll"" ore""" lo1iYlJ"ol 0011 f'Srt!<Ie.
OlId ""o~ .... or soil partleles. an' lnor.u•• o"ll .~o~lon In & ••"nor
"
"A...- • r,.."e" 'peoloon .. very I"" '.cl"'rs'~r< oo",.i.ol
in eny P"'I'ec free>o_"-nlPl\ .rP..,..t~..... he.t io un,lIM,
the .urro•• t""'r"'r.t~'" 0; the .p«l ••• rl •••• ""o ."tH",.'!""
""Sin.. • ''''''T,.",'or< i. &or,,,.ooo<l .t _Mon '''a .ooll:.tlHon
,M••lIl 1>e o<><>po.rMle t" 'n" r.<e or hur lnout. llewe'er.
as • .,.tnt pr~ru••••• layer of ~rl•••••erlal o••• lors. "".•
M Inoreulroll ""Inane. to v_rour rlow I. IMro""".'" rnl •
• ituotle. lu" to on lnor<a.ln~ .""outratl". or vapour .,
the oryll\& .",woary', vlth"" 1""",..1"", '''''''"ft, or '.p"ur re_
'urnlf'lll '0 tne i"" ory"&1 ano ~1.1"I! Op \" lotont heat.
'I'M. orr.oc T.'YOU to_"H -OWl' of Mo, uUlhod. onJ ,,,.
anllohl. oxco.. neat I''''OUO'' • r1>. In te::.,..,r.'ooe, ""t~
lo.re...l"~ '''''Fcca'""" 'l"l".e <"blll""\"n r.te iftOrea•••••
hi&-' .apour o....ure aevelOJ'o •• V.e 0,.,.10>; b.,-"nO.,.,.. 'ho
dlrru.lon &raoleM '0 ,toe .ucr.<o ..oopen•• ",,0 v.pO","
41fruU' to tbo .,....,l-.o ..... f.e<! ot. OIS"" 'ote. un<ll
\bo , ..... of '.pour .........d eor..... "'""... "lid • .... \~. reU
of Mat lopot. J;lurl"l!: .ub••~.t <I'7lr.(: •• 'lulll"rl_
l. t1J' 1>010$ 'W""''''''.oJ betveen r....t l'p't ••l'lo_
U tl re...~..tloo "". __r pre ""
••__ fl_. I. tM loat ....01,.10 It wHI "-.r
U"" tloot u.n.• "........ of <!rJ'i"",."
•
/lhl06 ood Curlo.Jl.
Soil vu "'hed In • ~\quld.::;Olld hlende. "",.a by 'ho P."."on"
KoUey C.".pany.ln<. or 1:0." S"oud.bur~. rnr.•ylnnl•. Thl. bhn"ec.
'h<Nfl In fl~uce I,con.ht. or tvln .holl. vhl<h cotote "" <he hocboo<al
...1•. 1I.<oc 10 .unpUod r""" 0 gudu.<o" <yHn".. to • ?c..."ce onclnllier
lu~e In.l ... Ih••hell •. Tno 1001... ,..",,, I' ?,oTlded vl<h projectIon.
roc old"!! <t.••011. 1'<:,1:. tho In'I,<o rOIOr .M 'he .t.ell••re rotated
ny "" .Ieetrl< '..010<.
?cell.ln ..... tdlll.. ' ....1... tvo IMnt. C<>hceml"l! thn opoutlon or
t,l. dovlce. tin', tn. blender to at Ito ~e", V'en ot1>u' WOO ..0..". 1.
" ••d ••• notch. ~ec""d. thore I. 0 I"," of ~"'u vhlch ~erend. on coc"
tolr. doto". of 'h. pr.,.,."",o. A "o"ectlon <ur've VU d.vel"".o ft"" I.
l"cl"ded 10 flEuce Cl. Ar.ne"·'" C. ," 01'<'''''''''.'' tnlch or 1000 ~ro,,,
or CruIl"l« •• ,<celyed rro", the r.ctory woo plo".~ In 'he .t.elJn. """
'he .hell covn.. w_,." rl ...d .nd '1~,"n.J. "'.n co".cted ..~""n' or
v.'.r v.. placed In tho Eroll"","d cylln"'r. ':'h .".11 or,J tho rot,,, ....,.
rotated. or." wocor ~.... lntl"Oduceo Ih .".n loot.Unon". ')'h. "l,l'.t yu
lM,,,urt.d ,",,0 or tbron ,1I.... In 0 ~lynn run. '0 .cr.>••v~ loll
.tlc~l"@: '0 tt.O v.l1, or tho nlnniler In or"'r to obt.l" • ""'Tn 1I""0@,,,,,0,,,,
_lx. n. 'o,o.l t<.l.11tS <I... v.. 20. 2~ 00" 18 Xllo~t.. for b.to,•• ",h.~
dry of, "'" o~ .... ~ .rproxlutoly ot 'hn C, ... iluil Proctor optl~,"" ..,!.t~...,.




Figurit I· LiquId - Solid Blltndltr
V". 10 <urn, .~o.ld io,ld~ , I"-l';~c polyeu"l<ne tog. The ~~• ....p~~,
vere .tore. in ....... or ~lg~ """'Idlty (to ,11_ 'he ",,10<"'" I,.. th~ .....
ple 1.0 equlll~rot~ vlt~ tM .olll ror ot Ie.. ' ~ ."Y" The ""'i"''''' <I.~
or "'oroge V"" 'l>eut 36 0""0.
It v.. ob,erved 'hot ,. , ru"lt or the oi>1r.1\ proo~... the orll';lul
<in" pov~r 1>00_ , ooner'I"" o~ ",,,,,,hly opherlco1 O1';1\re1\,'lo,.,..
Three .""p'«l'e 'ypeo ve,.. u,e' io "10 o<u'Y. nudy, io".."t,
kn... ln1\ .... 'Utlo. The.. pcO..du,... ore .eocrille" "e"e inlilvllinlly.
l:o,.,rt Coe.r.otloo
Tho St ...dord Pro«or 0"""1"'«100 prcceoure (2rj v... roll.",.,. In ,",_
ot,ore. Ooce the """1'0«100 curve h., booo .erlne•. to"oe :DO"t"co COn-
tenU vere ,elec'e•. Yi •. , one ,,,,",,,,hat .,.,. of ",0 optlo"". one vet of
'he optlo".. "". 00< 00I'ro,lo,«11 e1u.l to t.'e o.tl.=. ':'he nelotu"c_
Oen.1<1 "lotionohl n io onovo io Fir""e C2, Appendlx~. ~H bo'er...
ve,e 'hen "'hed In the olender to <I.e fro,eleoted ""'loture oonten". ':'he
.I.d .oll " .. cure. ror Z~ d"", in '"e M~" """.IOUy rOO"'. ""fore c","_
portion, t~~ "'l.~o .011 V"" .l.ve. ov~r 'no t,o. "".~. S'''''O.,.O .ie·,. an,J
'he ,e,dr.eo ~r<lon ol,c,ro••. I!y ,,"otln,o. ..,all ~uaotl,y or th. ""-
",.~o.,". 1, vo-' f~l~ 'haC .. ao,. ~""o~eo.o"" "lx'u," ~.. ,oMov... '''he<c_
.vor the plus ~o. I, =ot~"ic ....... ,u~"'..,t!..J 1=' of tr.e 'otoJ. , ••
'.n".'.ion V"" not.M•. Moiotur. eonteM oMcl<.....". =a,j. ~or 'li t"e
botOh" of 'he ea'erlal p...I.~ ..~; r~t&I"".1 00 the .10. " .I,,·e ..,. IOT,e.
t.y:,"!o.,.. v..... four.d to hove a h!~tle, ~olstu.... =ateo< ,tI,n 'he ""o.llor
......
The .011 v.. e""p••te~ In cllc ... layen, .nd te•••ucr..,.. or ,no
Int.rlor by.... voco """&I>..od In OCO.c '0 blond t'.'~ ,,,«..,,.c.
Me.~lns C~p...,tion
Wlhon (50) d..edbed • e""p•• tioo c1e.le. populorly knov. Of 'ne
·H.c..... n1 ~inl.t.ur. Cot>~Uoo Apporo<u.·. T~.• e""roctlon &OJ" i,
11.5~ cu. re. In .01...... v~lch eu". '"0< t~. vel~M of 0 e"",o<ted
.""el"",. io .,. .... 10 ."","Ieo.lly 'Qual '0 t~e unl' velSh< In Ib•• leu. n.
TIle devl« 10 .hovo 10 rtgW"e ~. The ..e .... '~,""e notool" ...an ....e. or
'"10 ,,"'hoo or .""'pact!on: <1) ••ced.l ouan,ltl o"o.ll on" p..._
.10u.ly unuled ooll c.n 'bt uoed fo...oon ".lotu oncen" (1) 'h" ."",.
""elln~ oe'!on 1& 0 "oc. cullotl •• I"ul.tlon of rteH c"",o.<tloo to."
th•• Of the """,,,oc 'yoe Of "'0" &C.d 0 I "".e e'''uo." .."mle io • eon_
v.nler.t .1« foc " ...ortll t ..tln~.
!'he .011 v.. rlY•• the ,""t. PC'CO:::F•• ,loo "eat",•• t .. v......t.~
for tho ~Undon:l rco<to ... Th. c""put!on 0""."'.. v.. "«h.nl ..". ulnv
tno ,,"vi.., ,"'tv. In Flc,.,.. J. ne .1.....1. o>o'Or or tMo o.y". CumO
." .ceentele e... ","unt.<l ho .. l,ont_lly. T~..ourh. oy"", of ~"H.y. tt.e
"",tlon of tne OM h tcan_la'e.l '0 "" up ...,; <lovn "",<10'" or ~ vucicol
..00 on v11len t~e «<no_owc Ii ,= ". I·i,ur. 21 con he -.ounCec. I'u''''n<!
c<l...e ore th.o "".'collen by t.l.e !:lOtion of 'ne eM:. ad the .""'""oto ..
h '!~oly • v I •• l cld<l ",e~"", 7". ore..~"" .1 co., be vod.d
by voryln. ,tIe cuM of v.IMt oc. tno lon,IT,,; f The e""n'enl_n
of t!'le .~cl"'l in to. ""n~o.l deylne I. 0 oedo. '~~I>0".<i plo·,ro.,. ro..
tho e"",o.etIOll =ld.
'!>Ie .<tlon Of 'lie ....oOllh.<l d.yi •• h ooy!ouoly oll •• t.y Olrfu.nt
'""n .hoc or tho ",""oo.l on•. _.vee. eoc.teol or e¢cpo«lon ~rfOc' I••
I. MOl.
3.8"'"
5. Mol. Holding Oevice
2. CoIlor
4. Spring Tamper




3. Sprif>ll s..ppotled Pkll'otm
... Bolane;,,\! Load.
F19ure 3· Kneading Compaction Apparatus (Meehan/zed)
""'0"1. poo~"'a vICh th~ ,,"'''.1 d~vi.e. ""~ t~e ".,.h.ni,.tion .cM.....~•
• ueh .0ntTol quite nicely.
1'Il, """'p.,,tlOtl ,rrort " ..C in thi. aetnee c' .""p&ctlcn vu .dju«,C
by "han&lng th~ n""tee or ,,,,,,_,,, """ th~ t""plnG p ....u'"" in code. tc rit
.. ,,,,In'',",,_unlt ~d!!ll' ._bln.ticn on th~ ~U"d••c P<cetco .urve. ::L~ole
.al"ul.Uoo....~ .,.,"" In Aprenoix C.
St.tI" C<>ell.•"H""
'!'t.e ...U. p,..,ce<l"re I. 00< ",.""arci.~d an .. eL, ". impl ......nt ... In •
Y.olety or ~.>... A -.Joo p,..,Clen In the p",e'du<e I. non_unlfontlty cr
WIlt ~~I~~.t. To """,,., 'he I.",,, ,,<ebl=. 'he ",,10 nn' teohnlque er
S.ld " lUI -ace =oloyed. ':'"he acid " ~ lno~.e. hl<;h on' hu an in.
oide ul t •• M I In,,n. A. <h<;..-n In ngw-e _. It I. u.eC van .i. «.
<en.lon pi «e. ~lt" len~tn. or lfl;, In .. Ii'; in.. JI\6 'n.. 1/'- In.,
3/8 In. "o.d I in. COOIr.a"tlon to "",,,n ~!t" tn. l"'.eo< ~••er..lon ond
p""coed> In .ter' un'll the pr.<i...r.oJn.c ....pl. I ••"" h .."'lne1.
1n .nl. e~e. tne errort ""'. VArleo t<> p<<:.lt " rlttl,olr or "",I".re_
WlH ""IAh' "onditlon. '0 'he ~'A"""r. r"""oo "urve. ';."ple ".loul.t!OM
are .nOVn In ~~p<""I. r. '!'vo eo",",l"n pleeo. ~..e o.ea ,. O1oh or tr.•
• i. "o;o;e. or 0"",,,0••100. In e••oy at"A. o,"".acUon V""" ,-,."" n,o top,
the ..,IC v" .urned uool,\e C""" 'c po,."lt "oa""ctlon rro", ~o,tI t"e e.C•.
The roan.ction phn~OT ~.. pIl."e<l by • o.noolly ol"' ••'ed "1"'••110 pre...
Th. oooeo.."'••hi.kn..... of 'h" '''''''ole a. e'''n oc~. ~e.. ~ In ..
2_}15 in., 2_1/' In., 2-1116 In., 2.1/a in .. 2_1116 In .•nd r!nolly 2 in.
~r"'r "",,"ooUon tho ",",pie ~o. ,,«uo.d ~itn '~.e .ar..., <leyieo ".e" ror
,r.• Harvaro ~i.i.,o......01••.
Figure 4 - Stotle Compoclloll Mold
Pecp"codon or r""'pl .. ro~
~cccu DrylOll and Poce 5i<e 5ete""J""tlon
p"d~.nul Inv..'l~",lon•• I"ltlolly It ".s 'lloug.' 'hu "lnoe 'ne "Inl_
the r.~"lre<l lenct~ " •• p.nHu'd, the or.,.•••«Ion "...h..r.o by
,o"<lng tho hudle. The .a:pl. "•••Jeoteo f ..... the o..Her by ••&n.S of
o rubtler tipped rod. Thue , ...ple. " ... LO I..pro••nen' ""or 'ho pr..,I"".
00", b'" n .. br... " ... '00 oort .. _",Iol lUI:! the "all ,.Iokn... or 'ho
""tter "., to<> great for tno con,hte« .o~"hl"o. or • rotatlvoly
..ndl",..rbo~ ,,,,,ph.
Plndly •• "",r••01'''10<1••, ......plo< ~...o.lg"", .<lhcrlng '0 "0
«lhoopta of \Oln-_11o'l ,,,he. for "lniul .oil .lat"rb.n"" [Hro,..l"" (\1)),
Thh ""plor " .. of .ulnlo.. atool ond va...opernd at a Mg.' '"",pon_
,,,,.. Ooulls or tho '''''rlor .'" .nov. In figure S. ":1>0 • ."ple ,h~
".. eo,.•".ln.d o~ tno .1'0 of "0 poroolne'n, ("",oribo. Iot.r). TIlls
.""plo, " •••"",od the •.. lhh,,,,,, \uo. '=1'1"". ~~.• ""pl., LO,t 'ho
«oenorl.. ..,.. or.o"" In FIgure 6.
Coop...'o••011 oyll.d.,. p·'pa."d by h ••ding or ....'10 prooo..
~.ro h.lo In tho 'I'lit oyllnQo, ,no". I. n~ro 1. Th. 'uo. "",,"1.,. uu
pus.,eo In for 'h. ro~"I ....d lons,n •••0.... by ro..'lng 'h. n....11•. Loa
pullo:! o..t. Tho "'~. " •• pl....1 In 'he .l«r ot:d nold fl,.,,1y by '0""'.
~ «fIon tlppod ..tr,,~or ".., u.M to ..",o.e 'ile .oll fr"" tn. tube.
nrot •• vory ""all lor.;;th "u 'X"~'.o ..... <t" o.J .~ .........d ty ••n"n
'''0'. Thh ".. foll""o<l oy tho .Jootton of the "nolo ""::]ll.: eho upper
ond did .ot .1 ....... n~" .~""i~ .ioo. ,1:. o""'~o."o••.,rf.o.....=oth
"' the .......
:;u,pll"l'; of <n. Prootor oo<:p... t .... "011. ,,'" .l.n.r no.pc tho' •
~".,.tor or ,ne <¢Olp"".d .oil oyliMor oo pla... in <'.., .lott•• oyll.llo,
.1>0"" In ngun> 1. It "M h.ld In 1'1 ty """ilen blod. to., flll.1I eno


















FIQure 7· Set _Up for Sampling
'"'..~ p"o,~"" .." ..k.d ~.ll fo...ll .....pl.....~rt 'hO.~ .I~nlfic.,,<ly
dry "r St.""...d "",.to,. opU,.""'. su.~ ~.u,.l.h v~,.~ ~.. t "~rl~d by
.u<tll\6 OUt .~.ll ..~h1y S~(OlH"lo cbunlc. ~U~ ••horp "••0,. bl.d~.
C.lculatlon of ~.."nh CondUloM
~••!>ovn In f1g-"..., 8. If ve1~~t. yol ..... vater con"',,' ."" .pr....n,
.p~oHlo ~...ylty of ."lId. or. l<novn vltn ".'p"<' to ••""pl. c"ndIUon,
all oth~.. vol",,~trlc .",1 '5"."I~~trlc qu..~tltl~......ell ., rotlo. t.O.,.._
or. "M b. oLloulat~d. or pa,.tlcular I,..t t .". t~ VOId ,..UO l~1 ""~
'h. po,.o.lt~ (01. II!-.er... volgM. c.o"~ o u ..... vlth rr~chl"". '01""•••
p.... 'lcd.,.ly voll""u of l".~h...h.,..•••,.~ ~uOh ~o,.. dHrlrult to <l._
«,-",jne r ...rh.ly. IcHILlly. "01=.. or t.'. 1....CUl ~pl er. ""_
..Ic.d by oe,.rury <l1.pl.r.".nt In 0 de,.l« In vOlrn oury I "" 10
by .pplyloo; • dln ntILl p........... a., " .... 1..", ,".nt 'hI> 1"'0_
cedure unde..."'r te. ,~.~ '''I""... tecau,~ o",.ra,.. I"".g\lladtl•• and th~
lorg." po,.•• • re tilled "I'h ~,.c"--y a' .h....,h'."' ••~o..,~.... l. p....." ....
I' v.. "onel"d.d th/lt v1".• ,.."." po"'bl•• vOI'""."I. ~"",...."",."" o~""ld
be =.<ie by • pr<cilloo =10"""'."".
A. nolO" b.f",.., ,~. ~Inl.tu,.. t"be ....pl ... £av...".ra.«>,.,. •• ,..
vic••xcop' fo,. '<try .1".' ..."pl•• , 10 ,1>. aU." Ca•• , aFr,..ol.hl.
dlotucbonc. ¥,.. .l~nal.d hy 'h. dlfrloul.y or 1"'0.".'1,,>; .h.....pl.,.
anO of .. trudl"" 'h. o~l•. 'l'tI••n.ly.h p......o"'. In AF~conix C ~h••
'h. <l.,..ll. or o""~llor dl"",......
1< "" 1.'ultl,..ly '''''lIgh' 'hat ,.• ..,.._c..," ",,,,pl•• of ,<rO,,. <try_.I ••
".t.dal Voul" h. fal,ly Wl.h'urh,d. ~o cMcl< the ,,yr,,,,,,•• l., ..v~..al
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....pl.. In tho llq~ld eHr"l!en. 'hen ',on,re, <0 the 'uhll ....lIon unit.
Md fI.&111, .0bU"""ioo. Thn ."bU_Uco p'o.... pcoccod. In the rollov_
1"1; o""nor. An I.e_votee ,lu.h Is pl...,.d In & n-., n •• ~ ..r><l the Sl....
.....pl. oon,..I.o, 1. 1'10.0. In It. Arter the con,alnor I,u OOhl""" ,""_
pent","" elulllbcl= ~l,n the oluOh, the rr""," '''''~le' ..,.. olo.c. vHhln
It. The 'c.peroture or til. olu,", I, .... In...lnod o"Oh th'~ the 'Mpio,
",..1. fro,•• 0::. do no' ult durl", the .ubll .... 'l•• p,..,eno. The ecn_
'olner, vHh tho ,I",. >"",nuMi",, it. :. t.""" t.",,~.d In Cr•• ",it ar.d 0
0."0' nUn. "Ho liquid nlt"'scn 10 ni •• J to chlll the oond.n.lr~ tub•.
Tlning or the •• tlOno to orltleal. vl< .••ol.inr of tile liqUid n\t'~.n
l.o<.ar >Muld l"",edl"'.ly foil.,.. ".n eon""cUr.jl or 'he '''''.r·le co"ol.c. to
tho .PT"'T"UO. Ot.'nevl... nolotnre ""':' ¢Qndcn•• In the ....lle con~aJn","
0' on ,b••""pl... A y.o~... h .[pll.; by openl"ll toe nopc<>ek of t ••
l>&y. Fln.lly. tn. tl..... r YOlv. 10 olo•• j. Liquid nltr~.n 10 ..,d., n
Intervol. to roplacn t!>e portion convertoel I,.to I\&>. 1'he .lu.h t""",,u_
tu", 10 ohooked porlodlc.lly .•Inoo It ten:lo to Iocr.... vlth tlno.
ln t~.o Initial ""l!OS of ~he re...roh. the ol~." hth va. prep.re~
hy ",1.ln~ cr..noel dry loe In ,dchlorethyl<n•. ';1'.10 nl.t~re c<>~ld ,.
""Intaln.d In 'h. vicinity of _(~oC. Tno .""ole. u,.d In t',one Initial
"'"'lI" ver. v.ry ,hln ."" eQulO h. dried In • ""rlo>d or ~.. to> "& "","r•.
!.oter. vnen tnlcur '..,pl•• V're e"o••n t" :1ry!nfi rroc... u.. oon.ld.r_
••ly.l.-'. Th. rU", ror ,n••Io>v rr.... drylr~ van t"" vo,.-, I""
vapor poeosuro ...:1 'aoor preuure fira<llent p'o:1w:od vMn thl ••bjOC
.lu.' vos u.OO<I. To .vert tIllo prohle•• dHrer<nt .!u.n bath ver. trl.d
y.len cowd provide .. temp.rature.
b) ni~b ~"o\ll!n '0 p,..,d~<e" Y"fIOr nruoure ...~"I~ In
drying In .. ""'OIlablc 'pM or tI ....
~yl<r.., i. I"n""",.tlc; ~~n~ 10 a~"~ nn' Ie.. "a""~O"O. A~ 'h.n bi."~r
~,,",~o'"t"r~. "n. <'<>nseq""otly M,"~r v"ro" p"~..u"' •• '''~ "_~rl~o <,<>u1<1
...... oh""" In "lnr•• 11. I .. ,,01 I'.
whlrh r.",.loto " • I "n " .l;<>~t • C ",I. y~l"". ~, • '"nl:lary .~=
~r"j~",<o fr"'" ..~ <- ~.;>M .L ,. .Iviolons " O."OC ",I . Tl.• '1"",.tc,
" ~b. ~~ " 1.'
,- , «",,1 ~, "ot • ,.rlon oc",w .,. ~"" <- olo••
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Figure II· Penetrometer and Assembly
.,
"'~~<I~' """~
II. Volw C_C1",n '<I YIK"..... Pump
12. hlHCU'J hlo_IH
Fl9ure 12 (8) - FllUn9 Device. Vacuum Manifold and
Manometer
FIQure 13 - Tile Porollm.fer
"
h) ~ gl... chllll,cc U y!,,€ • null •• no.o io ~"lc" ,~..."'"
o! ,n. i"'M'C,,",.t.c ,...... ~lt" '''' ~<r<u"'" ncr"". touc"lo"
W'I~.rol"".
l?) A grouod ,h•• Join< YOlo" <000<." V .....oor.! , .... or
t~. <h..~"<r vi," ,h. r!"",. Tc.1o oo,,_ln•• ~.d or ~I"".
yooi yhloh ~"""Ol ago!,,' to< o..~ or '0. '"""""""'''r.
0) A oons<rl<tloo. 10 y-'!o•• "I"'C<~ ,.r:oc. "~,cor.
...lnt a sllt, !. ~oW".,d On '0. r.,.'n""... r n.,. '" "old
" .• ror."r"""'<r 10 l:o"l<oo..J o.l""".u'.
(/oj A ,c<>r.co.~. v~:c.. cocn.ot> ,t.o rl,U"" 0'''0•• "h tc•
••ou"", "onlroH ono 'h••H·~'y e...,,,,,,,,'"r.
(8) ~J ..o.", for &oJ""'!." '.0 10.01 Of "oc,ury !~ ,,"
'.o""'.e, (,I .ho·:'.
u! •.
1. U.S. PHo.' AP!'li ••,ion ~8~. ,]~, I'cado l.oM""oci ••• In•. , C~"v<l.n•.
Ohl ••
.'HOUry 10 n"'od by , ..,Inh......1 n..dl. vhleh rellev. 'h. J'C'OI,le"
er ,h. I><nlocd. or the ",eccory I" 'h. copllhry 0'''' or the JlOne'C""et.c.
A. 'I'. neeole .d.."ce•• Ie. Hr>eoc "",y"",e"t 10 dlgHoUy .«oed.d 0"'
c",,"'er In 'e ....o or vol",," or ",ecedry l,,"u"'d. The "","lie" vol""" eh",,~e
which con be ce~i.,"ceo h O.OOOO~ Oll.
'!'he ':"echnlqu.
I."c.pt foc tr.e '&.~rl.o CO"llo., ..d en tr.e dry ",0. ef ,h. O"tl",.",. yel.
voho:•• v.... vlth~" 'I'. c"",. of 'b In,, ...'''."t 1<0.2 ..11. Flr.t, tho
"""pl. _. vv!~n.j on "" &."":,tlco. I,d"".. :.<> ll.OOOl cc"'. 'nl.n '~o
, ....."fII. v'" r'nc.o In .... ""Ib ef ,n. ten.""",e«,. Ii.ht ~cen.e v<u ,,,.
pH.d U 'I.e d ... FeC_rt.• J?" 0, ''" ,""uth. the ."""," ec." of ,no ,'"ej
••1' vo, p:...d 0" the l'Qutn .n~ ",t"e1 to errca' tM ~u..e ••"d 'M
t.flon occ.v Wn:J ,Icn'e'.". -n,. ",."",bly v•• tnen v.l~""" ond Plo••d
In t." fHH.c devlee. 'rMc voo."" "u:ap .... ,Uc'eJ or.d tn. oy..e- .. oo
c<mo.«ed '. It ._v oronl",. to. "oeu",," volve. "'ltn ,he .1 •• on (110. B In
H,.",,,, . ,', r.sol"~ on ~oth 'he o<>odp" bl"".,. "'ec",,"Y '0' !n'I'<>~~c."
r"", ,oe ' •• e .....I' l~~. 5 io Yi,",e I. A' by 01"'010' th~ 'enon ",opeoc~
IN•• o) until It '\oot '",,-en"" t:·.~ o•.d~".lo. or the ot~~. Thl. O~""t\t.
of ~r<Yry va> Jo>t ""~rlde.' '0 rl:l 'h. le""'ron<'t••• ~~ocuotlon con_
,lnu.d ontll t;,. I'C"~"ro......" ••0 1>1" 'he I'd.."" ~"!,e. d"'n.... belov
te. 01.1"0.... 10 =ot or ,r.e ,<,to the eyo'u.tl.e p.e..",," WM e1',01 to
or le.. "no fhe .i ••""•. 7,.• ,I<le """ (lie. & Ie n""ce 1. ~.. 'b.e
tlpl"'~ 00 ..~J reoted 00 0 voo~e. 010.<' IIl'h ~onlpulMlon. 'Oe bull..
,I"".r u,. ",.rcory ch.."Oec vo& rt:tell ""0 tn. 0l"'.\n. or the copillor1
vo< ol",,~.o. \/heo '"" '00"'"' .oh••0. olo.od oM <ne rJllln(; pro••ure
vo. O"pl!~<l 01 o""r.l"" '0" Ol'''d.'' v.lye. ~c<ou.., n""ed 'n"o",," th......
"
filling ,~c renet~«oe'e" ""d "n,.lapln;: <ho .""ple. ""0 .Ide or~ ~...
then ron«" "",ok to toe od~l"o.l "".11.100. ten'log te ...,ury 001",,"
at or .cae the oronlng of tt,. at.., of V .• ?"not""'.« The rnllns;
p.....e .... ""~ ,~. lnltlol re.~\"~ on to. """ v.... """" .....or".d. Yo,.
t.'eoc t •• to, the rllll~ oru.".... V30 '.pt <onot"", ot 2Q olin",.,...
of ",u<ur-y. ':'1110 ~ u.... e<>rr.'r>ond. to. ;>or. oJ"""tor or 'bO~t iM.l
01«00', vhl<~ ...,a,,. , t dl ..:,oto•• lor~.r to"" '010 "ou Mt lno;u'.'
In U...".o". ':'l"•• pI ·.! vas I",rru•• ' In "0\>0 "0' ,.roufY
p<netuuon von "'ad on te•• """ .!to< <qulll"o,\•• fol.evl.," n, ..
fr ...u.... l'.....n.nt. ihl' <or,tln •• ' coUI to. a""cop,.... l. p",.."eo va•
...ae~.•d. 'rl'••n Ir.• ro"o""".'u flU.; vito ~.e«or; Y" ' • ..,·..,d r,,,,,, " .•
fllll .. , de-d.* anj v.l~~.• , to Ohtolr. ,,,. nlg',< of ,n. oo .. <ury I"re.o"
In 'h" ",It.
T!".~ ........ I>.y v" c,.~' uh~o•. oc"" '~"", Ir. ".~ l'U.uto ohUb~t
o~ <~ """,.l""'<or. 'h~ .ooko' UrM..~1. ""d 'M "h""b~t ~=i'loc~IY
f\llod "lch '"~ ur~.._d". ~luld l",oOhol). ho "r...ueo h .~ullo.!n
l.oeor...nts """ lntry.lon or r..eeeury I. nG<O' 0, '"~ ~I~l'~, """"O''' .r',""
"'1~IHtdu.~.' ..on lr.ee··"",n1-. ':"Ole", 1-0 ror,;r '«PO v~," o,·'w:h ,~
gl'o ...,••or.•tol;r 'r.e~o po'Ms on ,h. poco Hn"loy"l"" <y"~. :r. n<~
«.op "h~ pc...""" vas he!. conoCbe" unci. 'h~ peote ,",,~=~M ,,"0 reae<!-
~a.Il, o...~o.. t v" ro""j cn.~ .r,",. e"lr" In,eusloh f~r l~" p"e._
un., v~e1 llt<.!e looee..~ In I"'e"".~ vol=o "..... pl.o~ vHh U ....
Ii<>""'..r. rOr rtonur.. 1>0,.0" ~,OOQ ~I. cb oQ~llltroUOIl <1=0 vos 10_
er...". ':'tI~ him.., p....~'" vhlen 0".1. b. ""Ulood V""(oJ ",'v".
13.900 an~ 1".500 r'i.
with .,.,e~ry. The rresou,.., Ort' 'h" aCe: 'eadto~ ore no'e" ror every
'Udl~..... reoorded 0' noh .tep. "to o'oaln ,~e .'0001"," rre..ur" on
':'h. net e<>rre"Uon v,," an ad~ltion or II ~I to 'he lO"'" p",..ur•.
(ol ~e ert~o, of """rres.lon of olr e,,"orre , t"",
rl111ng p,.., ..u,. 'J., <1O>1u",eO .t ...n ..." r the ~,o..
10cr".lo....eo,""". Ilo:vl,,' ......v be!"" u."d to col,,,lOU
th" ",d,otioo 10 .01.... or '0' ~.. "' ..oh ",..,.."'~ "<"TI.
7IIls oorr«tl"" v•• ~.coll;t 0"t'Y ."oll "M IU olsnlrlo""oo
010,,;>1'0"'"". a, " .,eon,,, h"low on" ""001.0«",
(bl '!'he I<e .... ure.' vol""" of ",eroW"y In,TU''''' vsa oleo
eorreon. for '!le e""T.re.. loI1lty ot .,.re"Oy Ot nil"
pre..",•• , A plo, (.00"" 10 "ppoendl, cl or .e"........ or
001=" or "",e",y vltn p'"'''''' v"" oMole"d by loo,lln~
to" "",,,"to"""te. vi,,, ,e,oury ""ly "0:1 pre..url,,>!. Th"
"""""ed oh""S" In ""I""" 'n"" obtolnod v.... '0' ne, e_
r,,«IV< o.'aRgo, oInc" c"'rro..loo or ""T<ury vsa ":"00l_
ranie" M' "uUy orr.e' by ct,,, erreot or e=.ro.. loo 00
tho Abu '''''pl. 001"",.
of ....rl" ooar~t.d.U". oM IMloes. The ?ro,;r_e•• p'o~"," duo
oaleuJ..,or .....'ur.c''',..<1 by OllY",,1 lJo'ervood va. ""e'. A ,ypical <e' or
CyHo Ie •• eosyaoled ~y lh. SunJu" Pr<l".or r,<oell~•• ve•• ou' IMO
four quarters ~y a ....1 tan' n'. Th. o_p.cted 0011 0)'11"00' V"" ~l&<.d
b a .peololly r.brlo.,.d "'~.; oylinoe., !'r<lvi ... vi'" r""r v.rUoal
0'0" ,"'J 'i,.;!l'~"jn.g nua (rl~"r. '.l. 1'he ...·"•• ly '.' ",," :.<"l.~'e" 00
til. bed or the .ow and el_p.lI. Th'''v blue vas I"".... olowly an.
I;<n"1 wn.tl 'r.• r\oil ,Mo""'" Or 'h. ",:llId.. h_o.] ha" O••n out. lat.r_
~!n."tly tr.• ~1.Je vu r.I.,,, 'nd 01.",.11. Ge,.tl. ,.OIIJ.III~ v•• ""'.... :""~
to ..old d ...~... 'M 10•• ,10.10' .""'1"0\1". ,1011".
1'>10 or 'h' '"",1. 1uo.,er. ""'.. SA'..... roc r..:r. '1._ <l.'.r",i,.•Uo"•.
n .• ether we v.,e un' ,,, 1,...t·J~ """"6th.,." rl'I,."_" ~I." th. el'e_
td••• ly ",1'," Jell 10",••houn.n r;p,"" -. -0.,"', C'J'Unr v.... ,I".
ul," " ~nJr_ "er".., uslod It,. :.t"~_ Mt_, 01,. de.lrd "I"". t,'r
l;·)l? inch I v.. Att.'"~d. thO 0""1-:. v"", , ..",r..._J" 'h. t.oUe" '1-
l;"~_r ~r ~l'", '0. oh""o ie. fleur. :". A. soowo. ,..·.•0.1~0 Fl~'" r
'o,",.I"ll 'h:okn..... '"'" b~ ·~~o\r.ed Ir. LV"". : •• , =all,,"' ",,1 ,,~.~,.
Th. r!nAl 1<01'" ?,'~ In. VAS ,,·I.l<v." w,U, "." .~1 ur .,~rj,·!.",
·"~,.• I~,, ~Ie,."c Co Ay.,!a '''','' ' -·.0'1,"" ".~.o.. I" toe '''''1 I..
"lirl",; ,."~ ,"j"",\"~. :ltlr [r"" or l·r·;~rl"& 'he """I':" ~<.. "ren&,."
, •• 'h.c r"" ~""aa.J F,,·,.nr 'y'!""." vu 'no or 'h. ~"" ".Hc...
,.rto ~r toe cA,.r".,,,,,U,,,,.
5u'le.ll;, ""~A"~J ' ....rl~. v ..... r 'JF"~r! ••o .!te ror t'le conltll!'_
S...pl.. c""p.c~"" ~y ""••11"0: "",,,~a"'lc" v.e• • u' .~ a ,~n&," ,.d<~
CO'" ~l""","r o.io.: to. ".vl .. <MYn 111 r;gur~ If.
Figure 14 - Slotted Steel Cylinder
L Slnl ToOl
2. Top Gild BOliO'" H.ad,
3. Eleclric Molor
FIgure .,. LOlhe for Preparing Specimen for Strength
Tes"ng
""""" ...... . -.......-,.........
Figure 16 - Miter eOll
..
••
In the unconrlned <<-p",ulon te.,!tl5 (.l~"'< 111. 'j'", • ...cnln" I. '''''
II To achieve loreo.. ' .""""...nea1 or H,... In tM
....plu tho .nd_10&dln~ «,,,'ltlon. ~OC. aJHrel.1
d To on'Un • , .. toe o.rinl,l"" of ."... 'n.", to ..,
""old be affOrded by • Conot.,,' vol""'" •••,...pt!"", ,~•
."tool 01 ' ."""~•••or. """'0"0 .. tn" "Io_.'.l~ht
of 'he nl.. The ,0.aO, v... ~VD':' ond H vu COO_
••<teJ '" • tl"" "cut for e<>nti,,''''''" ree<>roln •.
1. 0.0"\'.0 ..1""'ln.... top oM OOU"" plo'en. ~ro "",cnlne. anj "clr
",,,r.... vue 51.e. 0 rollo.,,:1 rlolo. I ••• rl,u'. la,. 0.-11U',I-
Can, h'';.ln. M\lle.. j'ep"e.o"" Chemle&1 Co •• Inc .• COleu,: vas
opplln" to th... plato. for lullelc.. lo•.





Floure 17· Set-Up for Unconfined Compression Tests
I End PIOlfn5
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F1vurl! 18 - Sample Assembly on Trloxlor Cell 80Sll
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RESULTS AND DISCUSSIO:' 01' RlaPLTS
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""d ne.t to the top e"",pactlon laye,. In C7Hn~er ~e. ] (kneUl"ll t7PC).
In 7able 2 yeld caUoa. peco.ltl.. , He.• " ... ea).eulo<ed en the
,,~.l. or • ."pUng tuW dl;oen.len•• The "eI~ht er ..lid. "a. eht~lne:!
a..""lo-ll th.t the ....pl. "oter eon tent " q~ to that Or the c,,",pacted
eylln""c. Sal:;ple pore.ltle. (er vo," ,aU ) "ere 9').5 to 115.1 oeeoent
or the ~lln<lec valu... Pen.t,a,l"" or "'pH"" tuhe c"" pr""uo.
elther ."",ple yol..,e Inc,e..e or deo....e. dope.:!ln. upon t~.e inltla •
• 011 een~ltion aM the .""pll"" oe""lb. A. Inc,e... l"".ltlv. dnatlen
i. <le..ly lnole~te" h.re.
Th. d..t~ or 7.."le ] a,.. " ..eJ upon ....ur""-tnt. er 'he ","1•• arter
e",o..ol"" r,..,. the .""pll .... tuhe. Auln. ,".e ."".Ie eould .h Vol""" Ir._
or.... or deeroue ••ependin~ ufon the .ell oeMltl"" ... :1 oe'.ll. or the
extro..ole. pro«... In <r.e,. ox""pl••• the net .rreot or s=p.lc-j; ",,:I e._
tCUllI"" 10 on apparent ro~uo"o" ln vol""e wHh ,upeet to the .._
e=paoted val .....
rhe ne< ro:l~.tlon. In po.... lt7 an. void retio are glv.n In Tobl••.
,",co. <eduotlon. ~"e the .... or cony errect•. '!'hey "':.0 ~eren~ upon the
v.,.l.blllty or the.e tv<> inti.. f"'rectl .....ithln to. ,,,,,pa<t!on eylln••,.
To coo"'" tho poln', H i. oot ~... Ible to "'e" 'he de.,... or ."",pl'o.
diot",",,"o<o ""'Te olo..ly, .In« tho lol':.l I""."",pled) ..n~IUon la net
prool.ely Oln<rJO at 'ho ._pHn~ looati"". Th••pC',..-.nc re~yoclon In
!>Oro.tty ~y. to ....pl. proouro,..nc ra""en ,.,.... ] 1.0 l~% ,v,n vhen <Oe
W" evalbbl••~ull""o", one! ""at .a«fl.l ~rooed"«. vere u••d.
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• • • • • • ! 0.. ,"', • .... •.. • "• >: • •
.. < .. .. ..~:.! • .. • •"I •
• .. • • • •• • ..• 0 • 0 • • • --, • • 0.. • 0
" .. 0 •• .. • • • • .- • •• .. • ., • < • 0 •.. · .. .. • .. • .. ~ ":"g .. • • ..• • • • "' • , ,.. ~-...0. 0 •0 ,. •.0. • .. • • • • • ,... • "' • , • .. -• • • ..0 ·... .. -"' • .. " "~." - • • • , • •• 0 • • • .. " -1: _ ~ .. ~ 0--. .... '" - -• b , ... , C"". •· :. •, , 0 0.. • ..~'O ~ ,. •• .. • • .. .. ".... <:~<: •
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5u&.11'1 Control
TAble ~ pre••.,t. A typlc.l on or ••1.& or t~e ""'plu ob,"lr,.~ by
the Ston~..<l Procto,. c","p&<tlon (.","po.tlon C111... ,. ~o. ~. TAblo I).
!"he "ol&"u ..,,~ ~I"-.,.t... r..or~.;1 in tM. "'01. a,.. the av.rag. vAl"..
or t~o or tnree "",..W".c.nto obt.ln.~ .n.. extrusion rl"<>lll tn....pl.r.
It vu u.u... ~. ror tn... p«lh,in&ry .""'f'\ltotlon., tOot tr.• _to .. con_
t.nt or tn••..,pl.....u tne .~ .. ,n", or th. cyl(r.~,. "' ",. ti". or
eoap&<Uon. S=pl•• vllh .. vOI<l ratIo o><;ud to or gr•• t.,. ,n.." 90 per_
cent .xP""".~ .. p.rocn' or to•••·c,,",••Ct"" vol. r.,lo .r to. C111n<ler
v.r•••1..... for !T.... 1l71n;;. At I.... one ,_pl. tr.;r. ..en 1&;1""
v,," oven lirl.~.t I(lS~C ror.t le.. t 210 ho..,.,. to oMoln .. "'.tor cont••t
clo•• ly awroxI=.otlng th.t or thc .onp.."lo. a""plc fr01ll ',at lay•• ",J,.h
ente,..d the r,..e,., <I,.,.ln$. S""ple. Ko•. I. n. 21 or.• ~6 g.... vaccr
.""tent. or 19.1~. 1l.U. 18.2J on' 19.~J. "c.pc,,"vely. Toe•• voter
co.'.nt. v,,.e u••d '0 ootOln H.e ",.lgn" or .olld. or ,nc In<!lvl<!uol
'&IIple. r._ tt.., r ••pec'lve 1.,..,., • .r.o .uboequently tl", propertie. of
the .....pl.. a. 'ncy cn,e••• f ...... crying. In a<!;lIUon ••011 "'>:>cO ,n
the vlclnlty or t~.....cpllng ar•• rro" .ll to. lAy.n v,.. Crl.d at 1(l~'C'
to obtain "'e aver"". voter content or the .=pll ...~ "o,lon ond ,to••=-
pL'"abl. v&1"~. or ' •• 'cl,,",o'" volo ca<lo and poro.l'y u••d in "Ab_~ o.
Aloo In thl> Tat>l••c• .,.• fln.l volu•• or 'r.• .."pl.... tb.y .nte,.d
the t ...... -drylllf; pro..... In s .....rd. ~o<er con,cnt of ,~. lr,divld".l
• ...,pl.. l< !ou.~d to t>. lover tn.n ,n. gros. v.te .. co"tent or <r.O .,,:-
paotod c111"ce ... Tho .. trl""ed ""ter co,.te,." rro'" the ."",pH",! rodon
It 0.1'0 round to bc lover t~..." tn. c"'"rocted v.«" content of tne cyllnd.,..
\< \0 >.Joo otl.~ ....d that U......pi.. r,._ too top lay.r v.".
"
~
tu.k>."" ....,. H ....".. """"'= .. ' ..<v,,, 'r...", .. ...,
• '..." '.," '''l' 'M,"- • "~~,,. .. .. _.. •• _.. • • .. ... '.. ' .. '" ," ....... m'''..• • .. .. '0 ,,',.. '.. ''''" •
• • • ,." ,•• .- ...., • • 0., ~ •• ".• '." ." ....... .. ._, " ., " .. • • .. ,. " •• .-" • • •." ' .. t" , ".. .... ••• ,... .." .. • .". ... ..,.. m .• •
• .... •• "" ,," ." '." ..", •• 0.. •• •• ". '. •. ,r '-" . ."" •• "'.' •• -.'- " •• , _,0' • .- " , •• •• O. •• .. ,. .". 0 .. 0 0 " • 0• .. • , .. .. · 0 0 .. ... , ..•• 0 " , . ..," 0 · " • • ...., 0 •••• ',. , ',",0 • ,. ..'_I t .. , , 0 .. 0 ..
•• • 0 e •• ,-~ , .. "L' ..
e. • .. " .. • .. , ..,' .' 0.. • " ,~., ""-' '" ·.. "I' • ..~, - • " .... "., • .. ,. ..,-. .. , • .. " ... "". '.1' ',0. • .. ...., 0'0 .. .. .. .. •• .... ..., • , • '.'" .. • .. •• •." ... - •• .. ... •• • or" e" '.1' ... , ,.- ..'~ .. , .", •• •• ".., .. .., ,.~' '.,,, ,. • .... •... ..., 0 .. ,., , • e .. , ..
" '.or •• ,..... ,,'.,' .. .' .. ...• • .. ..., 0~ • .. ·" ',-,' " 0.1- , ... .. " e. ,.,," .. , 0" ... ' !l,.' , .. ...... .. ... 'u '.M ... •
~ '." .. • , , "" ••• H .." " • • ',,",,, '.' •
" ,..• ..." " , ... , .. - ,., .. ..,., .... •"' ••• ",~ ,. ,." • " • .. .,-, ., .. ~ ... ,." .. ".. ' I" ,. '-'~' " ....' 0,'" •• ..
'" ..~.. ., .". M,"." ..- ", ,,_ .. ..." ..- .. ." .--
~
'''''" "'"... ,,"~.rn, ..
" """<'" .....,n•• '!I'• "
'.ll .." •• ",,",_. , "....". "".. " .• ,..." • '" • ... .." .......,.-,." .£..J "''''.... .. .. .. ' ,.' '" "',,, " .
" '.n .." • •• ,-,,, ,.". •. ,- '.'" • • ..,.. .. " •• , •• •..., .., <, ., ',,",- ...... ...., .... ,_ L, I". ., .'" ..", ,." .... .. ,.~ '".' .., I." ..,. " • 0,'''' • ..". "'.' .-"', "'.- .... •• t_" '.'''' ..' ~ '.'-' ,. "., .. '.' ,.. ,. , . ... '.lI. '" , , " '.• m.' .., I,,, ..,. ..... , ..... '" ",... , .", ·, .... '.!. '.' ' - ,.'" "j> 0.'" ".. " ., ,• .. ,. ..," .,' " •• .. ..,,, "'.' .... .., , •,., I,,, " '" • " ,. • , .' ,.., .. ,. , . ,." •... .. ... , , , • .... • , " .' " ...~ .. " , ... ".. " '" '" .. • • .. , , .,",' •.. , .' , , • "." ." " ,.. .. • • •• •,. ,. .. • , " , o .•" ,. .. • • " .., ..". ',", ,. •, .. ..•. , .. " .. •.. • •••• , ., .." .. 'e" • " • • "... .. .. ..." ,p, ... .. , " " .... , .. " .., .." , .. .... .. ".1 ,
"' I.!' • • .. ... .. .. .. -.., ..." • , ,. • , .. • , .... .. ·,.' •, " , , .. .. ,. -, .., u· •• • • ,. .. "., ..
"- •. !. •• • .. .. • ..• 1.< • .. ., , , ,
." •• ., , ,. • .. , .., , ",L' .. ,! '. • , •, h •• , ., • • .., .. ., .. , •• ,",' • .. ..
• , ...... ,...-"''''• .- "- 'n•.• ..,,,... ,_... ••.'.
C=~l..he Pen 51 .. Ol"rlb~tloo.
"sun 19 .11""•• typical 'a.on".' c"",""'&th. pore oh. dl ..rlbutloo
ootalne' by _r0Ul")' poro.l=o<ry a~tu ~ren. 'rylog. Indlvlo.al e.,...••
".n obtalo.o f'1'<Jo> r.pllc.'. '''''pJ;u ropronntlng oJl ",. o.tbD<l. of 0001_
f""otloo. end for aU of V.e "'010,,,,.. content l.".h. The •••rag. 0",,~10_
ti •• Cunn "or. ob"IM' frOOl ,no · ...d' of til. replloAt. ourv•• for a
gi.en oandHl"".• typloal baod of "",....••• tb.. for ,b.....ag. oun. or
Flr""_ lQ. 10 .b",," 10 rl~",.. 20.
Th. proc••","" or Obtaloins tn. "e""lIC c""ulatlvc c""Yo IT"" ""cll a
"""0 or o","v.. ,,""' ItO ~oHO\I'. EYe". ."""C ... oi,\ou Into "a,.io",
ol"""er gro"P". tho n""''''r o~ srotl~. rMSlt\6 f,.OI> ~I to 32 depcnrlln~
\lOOn tn. OIIt.,"" of tn' .lo~. o~ the corv... Tn. 100...... lr. penotratloo
('~ ,,"ootratlon') " .. obtalr.on for .ocn ruo u tn' oorv. 00"""'000 fNlOl
H. opr.r to til. lo".r boone.,.)' or tho dl .... tor groop. ':"h••\ p.r.• 'roUoo
for oJl tn. ropllo". rWl. v,," then o•• rag... '11'.....r"G. o"",.lotiv.
peoetratlon for tho lo"or botlr.•ar:- of • po"'ICalar 01""'..... gro"o "u 00_
alood nj' 'h"ph a.olr... tho ....~o c_alatl.o por.• trotlon for tn' fr.·
eoolng ol..,.t.. : t~.• a,,.rallo ."""lo'l•• ponotr.tl"" for ',no to"o" bO'.tn_
oor:- of tho flr" 'I"",.t.. ;ro~p vu tho ~ pon.t ...tIO", ~o" that ~rOtlp.
Th. lars... ol"".tor p.o."o,," v~. dorln"" by .~ fllllo~ rr~..~,..
of 2\l COl or "'<ctory. Thh 1"'1,," tb. l .. ,.~... K.ItS.,,"blo f>On olo:etor
to appro":,,a,oIY bOO ,,10,.00•. '!"oo .~l.t.ooe of poroolty io ""oil high
": ......t.r r""lle. h looloat.d by 'M daco. o~ ~aol. 1 for tho '''''01.. of
.nuolng OO!OJ'o<tlon ot 21."~ ".tor OOntor.<. 10 th••o rLlO•• ""'<ctlry VItS















































































Th......H ... <l1 .." ... r ..a.un<l <I.pen<l.<I on tho hl~!"... t p,..,..ur....aln_
•
ablo b7 tho poco.l ...toc. thlo <l1o"."r \>oInt; .\>out ltO~. It ean l>e
In .d~ltlon. pOrooity V"" !oo._
..
the riUin. op<,.t1on of tno p... 'r"",.tn and ,~u. the po"".Hy n.o,ureO
by ,he ....netl"<l«.t •• 'tOuld h undor."tT...,.d. TUlle 7 6lv ults of
... 1"1' • filllr.g p"'..u,. of haH the val"" u••d for ILll n '"roo ape.«o
In'iahJu 1" th"'W;h J<). lr the ••tio of PAfll to t.'. ;r=. 80-."",.....
lAC) pcro.Hy 10 ... "",,<1 .allor ", the ••• io of ~AI'P <0 ~1:11l, then or••
eay 1M.. that the .",,1.,"", ""000"<&" or the ro ..... I.r~.,. ' ....0 the andl_
e.' o...",oblo at t~.• fllllr.g fu..er. I. ohulned at diff.,.oo, .ocr"-
Uon ,..,I",u•• o<>Ment. for U .• "Hrc"en' "",'00<1. <" ""',0.'1"", ~.
nppoo,-ot _.j","" ""'''P' of IM.reed 'l.r~e' r.or•• 10 not alvay. obulneJ
or. the "t')' .lde. ~lot. that the ".u",,<\oo =1 not "" ~""d -_hen _Mob«
~nl"',l•• Me in que«l"._ he••u•••=11 .,lIndrl ••1 .0>0<10•• ..~unl
OrQOT> M ",...mh"~ ...,.He" th.'\.-. 'he 10'" .""oa.te<1 cylinoer, oepart in
their p"r<><lty ~«a thu of t"~ ,"'.. ",,-oo"l"'.t~d I'<'",olly. !!<>vevor.
for p•.,.oly relotlve <o<>porloo~•• tho ......""100 .h""ld r.'" 'be '0<>
<"Ooeou•.
porcon"'"o or the Ir,rorroJ lor~e I"'ro • .... o~t.lneJ "' tho ",".0" <<<0_
I"'o'lon ""er eonteot Il~.o~). for tho ~'on.....a Proctor <oopo.oHan .•ut
," che 0"1",.. v.ter oontent L'L.~I for tr,o <no.Jln. o""'roeUon ••nJ on
U.o ,'n old. or opUo= (::t.UI for tho seMl< <""I"'<tlon. \/I-••n t"..e
r.tlo.o 0,... pto"ed (~lCl'r~ ~tl ,"e "on" ror ".0 ...0.10' anO "0
St.no ...." ProHor o""?&"U",, .n_ to be .1\'0, to, ,uti< ''''''rocHoo
dlff..o r."", both. Tblo Inclloatlon that t~.o otfttl.olly no.~aoc.d ...~"ln
behave differently 1. lntonHf!ed vhoo che ret!o. or p,"'oolty boro," ar.d
arter f ..e ...",108 (t>oth obtain•• by ,.ler"",eto••oo.:uro"oo"I are
1'101<00. Tim., t~e "ntont of lar•• por.. (1or8<' t"..~ 6o'l01.",.. )
t"ot la lore..e.t to be p.e••ot ••rlo. olrr"OMly "Ho ""lot".. eon,"nt
"
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lI.t ..r Con'e•• l
PIS"... 21 - V~(... lon of Poroolt1 Ratl".
roc vuleu. ~n~od. or .""1"'0'1"", I.e.. <r'e .I.tio .""u""lIon dlrre<ln~
con.ldeubly !'TOIl the Stand..-d !'Toetor on1 kn..dln~ o",,-p.o<!on _thOd.,
1:>....I..tl"" or aver"". valueo er POro,tty obuir.ed ~y .~Io,..",...,tor
measur""",nto befol"'O anil .f".er rreo,. dT)·in. indiouu tht .•,0"'.MI7
.coo .nrinka~. has ""on prc<luo.d Ly 'h. rr.... dryir.... b~1 H 10 ..... U
.nough to "" tolonted.
A~.rogo """"lollv. fIOr••\ •• din"b~,lo" OUTVO' .ro plo"•• In
Fi&Urc. 22. 2, .nd "I, ror tho ~tan:l.,.d P.-ooto, •••eo'lor ,.,,,, .t.,lo .""'_
!"'ctlen••t row- dirroront =Ilins v.tor oonoo.u. ':"t.eoe v.tor oentont.
sr. ·dry·. ·no.r optl=='. ·.t opU"...,· """ 'vot ef on,I.",,' ••••rioed
by I"e "tond.", Frocter o<tno; ('f.bl. 1). It 10 .~n f...,,, ';'.ble llMt
rOr 0.11 the "<thoil. er ....r.ctlon tM total pon.lty for VOt <>r OJ',I="
10 Ih. 0""'0 ... dry of opUn"". H<>.-ovo•• !t I•••cn from I;e .hoY_
rts~reo Ih.t tM dlotrltlution or th. I"",sily ro. tM tvo .olot~re ."0_
dlClon. Is .norply <llfr"o'.I. 'I'ho <lhldbCllon or pOro.lty '0"'" 10 be
.fr«,.d 1Jy .. litlle ... 2~ dlrrerence In the ·..to. conton'. ev.n
tM·",h the totol roro.lty doe. ""~ .""n~. ""'0 tun 0.02 .,.]rg::.. o.~ ..
o""l"ce t~e dlotrltlutlon ror t~e n• ..,. orU",,,, anJ optl","" woto, "oolCOlO
Qf 'I'obl. I.
It I••on...olenl '.0 .",.\V '~e'O '='Iro<. In '.en!' o· t;.roe "rbllruy
dl""'euc '0"f'~"' .Oa.... """ ~(YJ U 10 ~O"' ",eOl"",. 50 U t<l 0.5 u,
fine. o.~" to 0.016". It to fo=1 tnot tho pO" .ho dl.trl.~tion
.urve. of tn.....pl.. «,,,poe,eo by .tHoe<nt "."'.<><10. ot one :1101'1""
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Tu",ln& nov to Table:?O. It If ".a.ned (10" "",1"""'> tho' or. the <Icy
old. kOUdhg "_paetlon ?"",.Ideo t~. bro"" ""'.00'"'4;< or t.,••c....IOlo
poru, vlth StL~~"" hoot", eloselJ' fol!avlog. At optlo"", 'at., eoMent,
'he .."1.1••oo<0 •• t1"" pl'(l ••d~"" tokes ,n" leo..! "I to k""""l,-,! &nO ~t.M ....d
Pmetor foU""",g in 0'<1<1•. On 'hc y" old•••0He lu,", by • ""'d" or
eore tn"" 1~ oyo, tl\e SU.ndard ?"'oto' vhle" In tum t.......,~lr. of
about ~~ 0 •• , ~n..jl~ .""p••Uon, ~ot ooly ... 'he rer••"ag. of toUI
0""0".'1"" the high'" ror tM "0'1••""ueUQn on V .• vet 'loe. tv'
ala" the p"' ....,,, ...... of t".....1 O""H.ul"o .0'. tbe hlg..,.... e""",.,.,. vl,o
the othe. tvo nethod., fo' e"e" of '0" 'hrce '''''l;"' of "I """to", 11'001. 20,.
~oc<rl.o..I ""o,••o",.tloo. of th••...,.l..h. FO'" .1,. ol",\oeUoo
".rv•• 'Ore obvloaaly "olpl"ul. The .1·01.0< of 0•• ,. rerr....'''i"". "
'h" :>oM ,oc< ~i.".,<". '-l<~" N>.-e U ..~ote". fOT ,r.e vorlo'" oiotcil,"tio~.
or. riven In iObI" 2l. ;rn ""'0.0:_ p'''O.~tl .... oo,~i,.•o ~",', ,.,. v.)u.,
or ""ro<ity ~"" tne ,nrro,..,nt '''''00'' or o"",.o;1on.,. p.,'.,""l.c .0'",
ooo'<nt. 'l'l,. UM "i"".<oc (~501 vo< n.n~.d 'to tr.• oi."..to" o~t.!n.J.t
50~ o~ t"i. p"",.lty. ':'!:I. va.l~. of ~~O fo" tho vuiou. ~.. .,O<.. o~ 0""-
~.ot!on u. do•• to .""~ ","or on tho v.'.• i o. ~nJ .t optl~..., co, ~,~
~..r"",." 'r." rOC"'" "'. o=r..t!o~.."otce ..",,,",,"on ;i'" '_'.~
hl."~.t vdue or '"\0 ~or ".0 vet .IM .,.0 ~, o~""'u....
~~O Are ""ott." in I"\~U". 1d.
II."'"_T v.y or e'''''loin. ,,,. re.vl<o is to '""....n< t""" &0 ~ro_
~u.n<" oi ....""". i";rr,,,o".,U.l dIHd.ution.1. ~h..o .". olotteo In
Pt~U".' ZO • .>0 ",,0 31. Tn••"010 dl"""t<T C""!':. "LS "Ivi~oJ Into .'ou'
~5 dlvi.lon•. 01"0£"'''' ·..ce plotteo ""d too _01"" it"",.,o,..r ."~
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eo~ 110"","" .. ~if. fo,.."lty
C"",,,.ott on 1Io1ciins "vo;. locoolty '" L'O{~',O(SPl,,<,1104 ~.toc COntent "Pl"", •
",31£l'
:;P' 26.0$ 0.210 0.116 >'00
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ahov pc";'> In por<»ltr In the rl"" ~....~. fo~ all 'he .,«nOd. or ."",paotlon
for tho vet aJOe oOlllpoc'I"". '"oe opU",,",, "",IHuro cor.'ent tne cw-v•• "ill
,,,,,,I< In the fine ron;_, hvt thcre 10 ""'" poroolty In on.•, dlonctor r.,.g••.
F""Qu••cy cor"". fOr 'he dry .Ide 0""" """" loeol ,.......
En.'''.2!_0.!!!l.Drylnr on Pore ~lu Dlttdbveien
The oclld lln•• In rt~or•• ~~ <oro"!!,, ,"0 ""'0 obtolned ~r "v.n drylo.
'no .""pl.••• ''or tho purpo.e or co"",rl."". poT' .1,. dIH.louU"" c~,.,.••
obul",d 01 r",eu drying ."" ohOll" by " ... hed Hn••• 'l'Ile "".0.1<1 •• or
'he .""plu ore ~iy.n In Toblu 2:' 'hro·..,;o .>0. It 'ppn" tl.a. 'hO loltlol
aol<lln,: 'at.. c,,"'"" I. the oost .lenin,,,,,t varlohle.
::u.plu .",,_,ed ... of cpUo,"" ""II dried In 'he OVeO .h"",.<1 0 e<>n_
.Id.ubl~ ,..,<lueUnn In the total po,.".lty ( ••• Flr,u,..,.;;:. 3.l, j. and
'!oblu n, :'). :'1. Pore 01,. dls"l"U,lOn ."""eO ObtalnU a"., oven
dryl"l! II. """~ b.low the C\lCV~' obtaln.o aftu f'.... dl"";I"" ""d te=~
»O,and to tM 'an., "",ly I" t~. ""'ge of ~I ...... te", ..... H .. 'h." 0,\
.. lo,otl. ~l..."uction I. po,,,.lt, I. '.he f...,I1\"" 'hdnk"'l' vhlch &c_
co=ponl •• avon dryl"'l of olay. "' Moh de......n or ut~ratlo",
Oven dried • .."ple. Oo.~p.o'ed M o"U~""" va"r contont .1.0 "l<,"e~
,.oduoed !'Oro.lty o","pored to fro«e ,dod • .."pl... tu' t~.c r ...~oU"n v,..
lou tn." .ttn .""pl•• cOllpa"ed on ,no .0' .1"•. 'l'ho PO'" 01 .. dlatri_
bution cO,. ••• "Sal" 110 oIg"lflcontly """... t"" 00 ...... oMal"." .ftu
fro... dryin... Hovevu, thu. I. a dJuinct erf.ct of tite kind of 0""'_
r."otlon. For kn••<ll"ll """ .:.tlo O""'P"OtiOll, til. ''''' 41"";1"" oorvoo aro
.1.ooost pa,...lld. I. •. , th.y AIlo" A rate., ",,1'0= «d... lon In pOro.lty.
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SER1SS • ~!rD KAlO rAOO ~'" , ~IlOD rAOD .w.!'t.' " w.
e~ \ "" e..J III" e..lfp , ,
, :ll .., 0,," O.H 0.1 ~ n "
119
0.,'. 0.11
Ho, ..., ~!!<Jl>. Yol""o obulod by ...10'01'01.0' ......ur......nto beron 0.00 .."Iog.
WoOD. VolWlt obtalnod by ~I<,,,,""'o, ""..urOOlonto M1.or oyon dryl"~.
UOll • Vol""" on,.loed In pcn01. ........ 1.O" .r1.'T oyenT dryln~.
I'o",dt~ htlo
t:P2lIES .,. _m. ,~
""')"















S III !l 101 0."5
0." ",
lIot•• , PAOlI' V"l_ obtoJoo" !o ...oot.--••••nor ..... 4t71~
AI: I .... ~te; po",.lty
I:!l
!'rootor <o~p.otion, ~o not ba<or.e parallel until. vary ....U <It.-ter
or .!>out C.O~ ~l.ron i. ro..~ed.
'!'t•• dry old< .""pl.. hod • lov <l<U<o 01 ••turotlon (.>out 1061) ond
I're."".oly t~e high." teoolon In tha pore v.ter. A. orylng tolt.. rboo,
t~e v.tor ten. I"" lnoro..a•. out .1.0 .eto ov.r ....Hu .re". 'The nct
re.ult n.,. oe ••1O..ll .~rlni.O&. or evon • nall expon.lon 0" rei....tlon.
The re.ultlng oveo dry porosity • .,. te e""po<lol. vith tho< oo'..i11<O .nu
Ir...,o. drying. or It noy ba high.,. th"" th.t ob, .. ln.o .. rto,. Iro..a orylor
.100 n......,. to t~••• <O<>I'.otoO poro.1<y. ~• .."In..tlon 01 tho ~oro .1 ..
diotrlbutloo .ur••• • hov. th.t kne.dl,.", 1~1 ""nd ".tl< (~r, 1.11 Ir. tr.•
n,.,t tot.gory L~' ~t""d..,-.j r"".tor In ,h. o<o<>nO.
It aPI"'''''' tn.. , lor lov d.gr••• or ..t..,.otion ov.n dry1"ll 10 a
r...on.bly roll.bl. proeeoW". for ...",.. tlng vator Iro.. • ""p.otoO .""pl..
vMl. rr"."vI"l! tn... <""paotd nneturo .
.:-0 "b•• rvatlona I,."", ; ..... ,. !h'vlro/\ r.:cp.rhonts
:n ':'••1.. ,1 tnrough 3G ora pro••nto. tha gro.. vo.""". 01 all t>••
'''''1'1 •• "'0.0" por. ole< dl.trlo"t1on. h". been repo,.ud o..i1or. Tho••
vol""•• voc. obt.lno~ oy .alling o.osuro,...«. 01 dl.."."r "". hoiS'" of
tho cylindrical .""plo. yith • p .... l.lon ol.,..... t.r. All r. ..,. dd••
• .."ph••h"".~ a .un .... ,,<... In ,h. gro.. vol""",. tr.• ""dO\W> deer....
being .1lV\<ly ov." ~~ o! the orl~inR1 '01"...,. I~ g.r.tr.1 .hrlr.h.e or
t~h tugnH"... I. ~ot .ali.v.d to cauo••ny .I!I"Ir1conl dl",,"oon« to
lha <loy I.orlo. Moot proholy. to. ol".rlnkO€. t~.. 01&<:. ~url"l! .ub_
lI",.'!"". OlId "''Y b. c,,..,d b1 p.rtlol "...rrong....nt or f'I'"'lOl •• ~'''' '0
Int."partlcle t.ndoo ••u••~ b1 ..<i.orbed ~.t.r ria., vo,en or. to< I.. t
l.<> !>4t ,.""••d. H....reh.,., In tnl. flela h... ob..rv." th.t cloy
,'<&.~ple Yol...eo lIefoce ana Af~ec fceeu D!"ylnE!
Su.ndocd ""oo~oc !OIlcl
S~l!:S • R\t~ 00. ~AHPlE VOU1>'£
'~~PIl 'f,' ~. , 1!1I1'I1
"",1m 0.. Ip ,,
'" " 't c... j C.4} 9~, n, 0 , 1I.1O~ O. '1 ~
" !II " " c.lIi
O.IO? "" ,n "I, ••• II. 1;6 '00" n, sll7 0.1I{ o:T~ ,!" n, "or o. to 0.%- '"AVG. C.47 __ .......'L".'......_ "
~Lf ~
l:nudlor COO'oooUO!!.J.::.c )
~1:!I:m 1 !Ill>; ~O.
,.....~I'I.E , l.lN1:
, "1If? r:Ar, ~.M'1l '151-:>
"",3,,7' •.,J,..., ,
" n, 0 " 0.,. O.U
,., :Il 0 0< O. l~ 0.3. '1"1




















'~bfll • ~loc"",,'e, uO'9",oenh t>eroce fc"",e Orylnr
'<Q.fO • MI'''''''''e'' " ...9.....0U or,., P,..... Cryl ....
'l'J.lH..E ~
St&Rd~d ~.or (.~. nMI
~"RH.s
, '"" ':0. oAKPl.I: \<tlUIIZ") HU ~O ~, ru,"
••3("" e-',&I'! ,
" ill "
, 0,.;> 0, L" w,





: II , ., o. ',', n, • ". O. J"n, •" .',<' I : 1 • 1 •. l<.
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'l'uu. "...~t Ie Corraot!o<> ( 'o<t ..Ide)
~'.I,'~~
,
"" ;l~. r;J(Fl.l 1'Ot.\JI(I:",nYU >:ArD ~FO • ~a'o
".,3,9'" c.lfp ,, III • ,. o. .I<> O. J? "e ill • 'I 0.)) 0.3.' "e ill • .. ~. 16 ,.• ?L, :11 • " o. jl; 0.33 H, !Il " '0 0.3· o.pAve. O. J? 0.33 ,
·Y.EFO. Mlo~'<r ~..ur"""D," bf,forc ,nne 01')'10&
'~"'F1J;; MlorOlOt'n .....~n~"'. art.,. '·"".,e lIryint
,,.
"","tide. are ••p~.'d f~ 1.< b7 • lo,yu of \L~rro<en. lIq~id_lik.
va,o" tho p~""O' or ouon • loyo. during th. rr..,. dryl~ pr<><u.
_.10 ...ult In ottr""tlY. roro•• bot""•• partlel.. &n<I partlde .c.,.r&nll:c-
_nt to 0""" unko""," nut prob.bly lIIOlted ~.E"".'
In ':"001...>1 thr<><WI "' are ~I••n tne voter contenU .. ooto,."l.c. by
!'r.... dryl".;. C"",,,,,,rioon. vlth 'h. vo". contonto de!ln•• by ove. dry11lll
on """f£"ion ."".1.. ohov tbat. on the .nra~•• the frone ,lryln~ val".
io to" 1..... by • little ove. on. GHeent. ~u" tho ..:pl•• wore Judt.o
nlt_bly dried In .0. fr••". dryl"" pc""....
l'noonflncd Coo:r,..,.,lon ~..t.
Unconfined o=r IOo 'cot. vcre done on th """p.""" ...~pl.. t<'
",ud,. thole relative IO d.fo""-.,lon .".roctHI ..I«. POTO 011. chtrl_
bull"". for ""pllca'••...,"1•• had noon o.talnc...rller.
AltO"".." 'h. po.e ,11. dIstribution :lid no< nry olgnlrt.antly ><lth
.y,,", e~ ee~;>&.'lon a' a o=en ~nlt ...dgh' .ea "",Is'~ro oonton', ,"0 a>lal
",ro" ro1",lon. voro alotlnotly Influeneoe by 'ho "",,~o" or oo:on ... ,lon.
In alllll,jon '0 ,"0 ..ru._otraln curve., yol\lft ohang. v., axl.l
,'raln hO., aloo boon p:o"oo, '!'bo yol""" r.lI""tlon. vl',loh 1. tb. r..ult
Or 'ho r.llu"'lo" or poro .pa.. , foll"",•• gonoral Iln..r tronil ur to tno
peln' or fall",•.
~t,..,•• _~'r.ln ~ol.t10""hlp.
~tro.._"'Uln OUr'O' or tho ''''01.. n<:<lp••tnll oy tho throe aeth<><!.
of o""netlo" .r. pr"o,,«o In Plgu..o H 'hre..,n ~9 rOT tno :soloing
~.tor eentonta on the IIry .Idn o~ opt 1........ opt 1"......~d on t~,n vet
don of optl~= of ,hO ~'an<i.rd i't'eeter p",e<d~"", The ,"d~otion o~
'"
,,'
w.te, 1le:oova! On I'e...... Oryi n§
TAE!.E ~O
~t""d ....d P'r<>ctOt
::erlu , ~""rlo Lij« R'".bu·" "our toot h~. htn (6l!.
II\ltl No. ••• 'N' Cor.dHlon In F.uu tent of e-~."Io"




!, '" H OJ lId '"
, l»:C. ~l,
'" H l.~ 2( £) '"
, CfIC, ~p l~.%,
'" ." l( C) .,., l»:C. CP 16.29, '" ", "( ~) "" , OI!C. SF lb. ,2 18.63, '" '" 3( c I "~ , ~'. " lo,6e (A.£. of thr••, II! . 11 .00 .""pln)
A~C. 11 .. 7
TAn,_ "
~n..dl"s COO',.o.,lon
'::'.1.. l ~pl. :.aye< ~oi.tu, .. .oter ~" "'eg. ;I••e, Con_
P"" 1(0. :'". ,.. Con"llion in Pr.... t.,.' or C""'f""i""
rop l Ccr_pocUoo Dryi"" ~"'rl.. ty 0.0.
~"tt.o<l
, ,, 111 , " 2tcl • , O~C, ~ 11.58, III "" 11 CI ~ll , u~C. ~ l7.n, III "" ~(~) ",
, o~c. ,. 11."1 IS. ),, III •" l(e) ,1'
, OHC. ~~ 16.J~ (AyS' "' ,.~, '" , " 21ll ," • ,,~C. ~ n. To '""111•• ), III "" II () '" , 00',. "_~ 11.%, ll~ "" 3(;: ) '" • ct:C. ILl! 1~.9"·AVe. 1- .Y
':'1.f!.F '2
Ct.tl. Conpoetlon
Cn,.. , ~=I'lt '''yH "b1O",," ii"<or 1:.00\ T~c--;--V"hr Con_
~"" 'io. ~. ,~ C",,<IJ. • I or. in fe.u. .en' or ~O~~OtliOfl
Top • C""I".U"" Dryln~ e"'pl•• ty 0.0.
)le.1 c.I IL. ,, '" ." , '"' O~ • .-,., '" "W , 'W ~. W 17 .~~,
'" ""
,
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rl'UI"e .~ _ Str....Stroh Rel.Uon.hip or the Kneodl04
CoIIpaetiOD 011 the 01')' Side













/• ~ Toot N~. n Too' No.1••• " • 18102 pol " • 1m pit• ~"
~ • • 1286 pII .... • 11068 pol...
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'" 1eot No. 6 ,. •
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" ~, • 1131 ,,, .. • 1l"9 pol,
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5«010 S
rlgure ~7(A) - St<..._Stu!n RoloHon.hip of t~. S'....dvd
~tO" C""'-paotion on tbe lie' Sid.
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•, I , ,
" " • i • i," ,• • • • ~, ) •• -' • ,•• ," •, , ,,
! •,
! I, ,
• •1 , •• ,• •; ,
" • !I • ,• ,
• , "'.. " ,•I" ,
• • • • , , • , • • • , , • •• • • "., ...,,~
'"
...1.1 10'" to l~ ..~ ....... bud ~_ '!>o' utl""0<1 ~.. ~ ~~ _
....on , or ".,1. 41_H u &1~-MI~t. W!l<' .. ...,r 1 -u.-
"'.' "....,••••_U _, be _eo _ to up..I .....' 41~n 1Uu•
.." vas ob....l ..... " ~1""1'" "'" .,........, .."".., ..._u_.
(;erne'l"", "H. apfl:U to ..-., ..",••• ..,.18 C1o...-.- rDr .."Ieb
.... '1..,. <sIITl.,.,).,I ... at u.. "an. of <I•• tnt ti.... rl ... to o.~.rJ
e<lIIcar.Q' at ..,..., .an or "0 to.., 1"ouo .~r"ctl"", "" u,lal".-J b)'
nt;~" _I. r.t>t. ~i • .-....,.h•• '""" ... loe. or t~. r-c'" ••_"".... .,,4 <l'o
«: ....."".4l, 1.1 o<rol•• fM u<n ""o.._"nln e'.",.,
':"!lo> " ·"'.. lo ."..... re. tb. Jr'/ .14..........otloo are ob.~.r_
'otlted ~7 bel"l. r.ll .. ,. at lev ot,,!n•. r.o oi •• dhtdb_'lon
.....!•• of tr.ue 0&.,1 oled .b•••"" lorS." r~"" .1.., c; ... (s'·
bC~ u In 41.-,.. w ~I.L",. • 03011 ..""r.t or _n.'nt "0'" "'••
p: ..... ""::01'0•• "M \ '''0'. 10 ~..lcL:.:J .·,'.l....d.... 1 ""_ ._~'e
.:-", .l>I~t.~.·_ 1 ........~'.
~<...,n·>t,.._~ t"" for ~ u"rJ.. _r<U .- r,'~""" ....,..~I
..._I4.rit<Jr ~.i.,...,•• 0.' <~ I",~ 1: ,<...... rut ....r ........ ~ """ '"'1'7
.~.w~ft, ~,...,.<t,... '-""_H "'~'. t""rosl,u"'_~ _.t.I".'I_ kl_=
cr.l "" ""'~.... ; ,~ ... " _"" vH~ " ••~1~ ,f ,,.. ~T7 ,H•• ;~¥'
oofo <1"". ~,... ",~ .. ln. < ..<\ ll" , .... I·'" ,<.-en.
~""lIl.. ~""'f'C·.4 weI of·orUe= .~"" • 6.....1 'hu, f.IL,,.... v,,~
VI"" .,,.... b<~"~ _blU'~J ot hiS"'" "".1 ... In '"~ ""'pi.. , do"
to 'h. "16" vot.. cOMen" ""'bl 1l'1 of .011 ~••t". 11 1•••M '"~ .~-
f" ...."I""• .....v c"",lo"" wit"""' "O¥ .1",Hlcon' ,..40,<100 In "'••1,.....1;(


































































































~; .. •,. .-- ...i ...H,',-
, •• •
I."
t:":• ,-- • Ii, ••-~ ;: ,
• •
• •
•-.• > .• •t,; _/00 -
I: I I. • ••
I~ ~"l~: i.' ii'· i • ••,.-• •~lj -.- _or:
H~.,!• ." ~.,• •- ·-.• • ••.. , • • ,--'. , • •·,. tIi.11>•
l'lii!;j
•• • - - •- I' - •• -• ,•
."
,..
wore .bcr"~ the • ..- percetlt-.;e or vat.. ~o"'e'" din"", f,,,,,, ,n. "pu""", •
• "" .""pI.. on the vet .ld. o""".d •••ller pellk .,'...... 'fht. to In'.r_
p,..te~ as ~<l"ll V.a ....ul< or 'h. leu.. «>o, .. \b'O",," of the """,,'he
p"'. pre.."..., at the h!~.r deg"," of uturaU"" of these .""pl••.
1< to lnto,..nt". to cOlIIp.". the av.,...~ dry "nit velgM and \.»<
o.oro..« pUl: .tr.... 00..1,...,11 .1 the dlrf.,..", ".•'004. or ."",p.ellon at
gl••n aoldlr,g va.. ,. o.,nt.", •. Aver"". <1'1 ""it velrM for 'he "-Tl' .10•
• ""paction v.. ol>Ou' 9~~ or , •.• dry ""it v<lr.ht .t on.l",,,,,, ..,11 'hat for
"",. "'" olde .""n~tlQ~ v .. abOU' ~ of <fee II")' unit veleht U 0r"n"".
O!I '00 othe.. hor.O .he _""u ", ><ere .bou' 10% And S" or the PC."
H,... at optlt".,.. for v .• dry olde ..,,11 the vet .Id••"",."«\0'" rc...._
t1ve! .•. 7M baolc ....on ror s-,en .. ''In,,en.e I. the I"'M "'...co of
dry aloe ottO "lO vet old. e"",p,..,U"n aOI><&r. '0 le r.l~"'d '0 ehe dtr_
ro,..ne•• In the "hedh""lon or ""ce .1,... "Ic.•• ocher "I.',d ra«o•• ,
••oh ... no~",Iv. po'. P''''''''''''. or, .l,o or InrI.....,c,o•• l' Is "," pc:..1~1.
to be co•.ol·.. Iv. "ltc, c••pe<, '0 ,,,. ""•• ,I<e 10r;."oCC,
" vu oh••,..,.,; '0"', in c."".., w1<h '"e ocr,., ~M"o<l. or o"",no_
<icn 'h••u<:e&llj· eoerooted ."".ol•• "Chlll ••-' ,he p'" " •••••, e.,.,.
T.•oo,ively low " ..I,..•. Th, ox~lanation or 'hlo .Hr.,..,nUol o.ila.lo.
cr .'otloolly o"",p••«" .=pl.. I. no' arPoro.'.
The ioHlo: t""~",,, """hlli 00<1 OO.ont "","alii at po " ••• anO
a, "SIr 'h. pc"" ."••• "or. e.l""l.". roc ho'h ." val","' •• usl"'l
the eon""" vol"". ".""neton. ':'h~ ••• glv.o 10 ~Ule 1,7. Val.....,. or
1nit tol to~ent """all I vory r,..,., .Lo"" IISO p.l roc U..nd..... r.oocor,
... , .1"" o"",poetlco to 250') o.i roc st.tio oo=p... ioo "' opu""",. ~eean'
no.alll "!H'U ."... VOl")' fr«> abo"" 1000 ("II roc knoa.lo~ oOlllpaotioo.
",
~-:~
• •> • - - - .. - ,.• • .. • .. .. ..0" s • c • • c •- • - -
..,
•• , • - , •• ! - " - " ..",'7 • .. • •, .. •• • - -
-,
, .. 'I. , .. "'.- • .. .' ,• 8 • c c .... - • • .. ....
• •.. .. .. .. • , •• ,-. • • .- - , ,. .. .. .'• .. • • .< .- .. , "-- • • .. , • • - •..•.. • ,.. - , ..• • • .. -. .. • ~.. • -•• • 8 .. .. •• 0 • " , • , .. ..
I
..• .. " .. .. • •" --
"
,
~ • , 8 8 , , "• •• .. •• ..• .. .- • - •• .. •• ...- .. "
•, ••• ~,. .. , " - • • • ;, • •,,-~ ,
" ,- .. .. c " 8
0 , "'.. • • • " ..- - -
"' , " " , ,.. • i" • • .. • • , • .. • ,,!! ..• .. • -.. ,-- .-- •• '" • - -,, ... , , , , .. • • .. ..8 .. .. • - -- , .. • -- , • • • ,, •• -0 • 0 . ,. , 0 " " 0 ..
!..••, •
! ••" •
, , ,. , • ~ ,. "" , " ..0..
••• 0 .. .. , - •,. • • - .. • • •
1~6
-••••"
0 0.- " " ",./8 • • • .," " " 0" .. N-
••
0.- " • •, • , " .,." 0 " •• ., "•
"•"
0•• .. .. ", , ., " •
"'~ • " .. .. "N • .. ••
•, ..., , , • ~ ., •.' 0 • • • ..0- • .. .. •• .. " , " .. • •••
0 •, , o. " " .. o'0< " .. .. , • ••0 ." 0 , '0 " •.. ;; "
"" lci 0 • • •0 •• , .. " .. •0 .'Hi • " • .. " •• o. " .. "•• •
0 ·,• ••
~ •• oo0 0 0 ..,. .. , " " .. .. • • •... .. " • • .. 0 ,HP.3 , ., ., , • • ., ,, " , '.'
• • ,,. •, • •, • 0" " ,., - .. - ..- .... • ;;;:• • " • , 0 .. " N 0 •• 0 , 0 ,0 ." ., •• , . , . , .0 , • •• 8 ~~ , " .:i ,',, •• <- ,. .. - ",
••
0
0•, ,• " , , " " ' ..." " , • , , -0<
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fiSW& 50 _ e-pa;rlooll of Stre.._St."I" bb.u"".hlp or tbo
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Strain J
n",u 51 - e-partoon of Str..._S~r'ID 1l00..U_lUp of t. SUtlUr4
!'rootO" CCllpaotlotl •• Opt1lll1&
".
o Con.....,~ Vol.......... ""'pUon
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S~r&lo I
"I£"l"e W - Ccapu-1ooo or Stre.._St<&1n Relotlomhlp of tho
















53 • CoIrparb_ or St..... ...s....la ~.laU hlp or u..























F1....... ,.. ~l_ of 5......_S.....I. RelaU"""'Il1, of U ..
b~ C-p...,U_ .. u.o ..... •,~.
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ov."".tl~a.. ~h. area for eh_ .....pl•••"p""~.d "" ~h. ~.e .Ide.
Ei""ln.,ion of Tabl. ~1 .nov. 'h.~ v.lue. or eh. ",<>d.lll of el..tloity
c"" be .1~nlfiCa"tly In .rror ~h." 'Il<! """",",,, vol.".. 'OIlllIlpU"" I••••d
foe .""putln~ ~n. ",,,,, ••.
Voil". t"llan~. t"huaoteriotloo
Th. vol.-. of the pl...e glv," nat•• of ""In V"" ..U .....J
\10\'1 the 10".Ma"e"" ""J JI""ece.. st lOid h.iM' on~ ""i.1 l'nj\tn•.
aoJ as.WIlitlll tho '''''rl., ~e.e oyl\n~.loal. CU.V.. or vol",,«ri. atraln
••. ""Ial ".alo .re .hovn i •. flgllre. 5~ thrOllf:" 0>0. Tne•••u ohov
on alnoo' Unear ~.or.... In tn' vol=otrlc .tealn up '0 fall P...
ene•••e••I"" eh......v•••nov • 1I"'.!tiv. nll.utl""al trenJ. onJ""" e'.n
as.""" II"'.Hlve v.lu", the l.rr,.H .01'%Oerlo strain. (. ndo"" or
5 112~l ."" ob,.~ed for Ch. '&.-~rl•• oocop.o... at optl",,,.,. ":1':10 f1n~lol
'uplI"'ru the ""~••Uon ""•• • or!!••• 1. •. , the error \n th~ YOlu•• or en.
",.••• 10 "10 I.,.S"< (or eh.....pl•••""p....d ., opHIO,", wo.o tn. as_
.....?'lon or ."",,"", vollaoO i. u••d In c""puling 'he OCr ~""l'l ••
c,",-po."ed by .....htl. "'""COot Ion pron.duro ,,"owed tho h vol .....
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11'''''0 59 _ Vol... ChOD" Charaeurlotlco of tho Static
C_t1OC1 00 the Orr Stole
'"




1. Por ","1 uthod. or .""'p&Otlon. ""ro .1 •• dlu,lb"Uon hoo t •••
fo""" '0 be ""'"' do.ely relotod to the ~ol.ln~ VA"r ¢<lnt".t ......i.U"".
uls' ~d,.o.rlll In tile olo'rlO"U"" or ro"" sullo, ,nOn ~ ",1.'00•.
~t.• TnW",. or pore ,It. <llnTI""I". be."",. dlotlcH ""en they ue
divided In'o thr•• WTe di..,.<o••""",eo: C"o"O. rr"", 6M to 50 U:
•••1=. ~o to o.~ u. ",,<I rlne, o.~ to 0.016 u. "or &11 ~.thQ.' of 00:0-
""cUO", tor ",,,I,,.,,, .""'ento dry or o~tl",,,,, •••ry .lou to "3'1 M ,ne
toUI in""'•• "."'0.1., ,. 'n th "'o"l"'" nore 01"""'0. rano.; Vn""'".
at opt loU" ""0 vot of optl"". the .....d,,,... TUOU'''''.' of '1:0 ''''al 1•._
''''.HleJ no"".I" (ove.""l •• ,n% ",,4 ~1~ r ••~.tlv.Jyl ore foutlJ In the
Ti"" ""re dIL".'U r""u. Sarnlu ''''''p'.'«' "n 'n" vet .1•• of "oU,."",
DOau.. 'vi .... r.uoh norO&H, In ,n" fin. po.o dl"".• tu r.n~. M drv
sld••"".Iu "HI> loe '''".e .o·,~' I"',osl'y.
~. l'or••1,. dl ..rtb~,"lo"" ~.r••rreoee" ~<r, .iulo v"<~ ,",,~I..
vor. <""'MOC.a to , =\oeu~,uoH wi~hl- e<l~t!.lon by ~lrrereM
""0"'" M .~r".""'"
~. ~..e.._,...ln .u,~•• in ."" "".onfino; ."",or... lon ..... 'ul ••
....'_.'i •• lly vi." "",1.ioF nee, ooM.nt. Ilr, or Pro«or orCl",.. ,
OdUle rdiu",. O"u"ed.t 10v ... tal ",oin., Cu•• t_brltl-le r.ilu,e•
• t =der.'e ....In. ve,e ob.e,ye. ror e",,~••t1on... !'r",,'or 0n,io"...
GUdua.l , r.ilure.e M~" .,,010' o...... 'd ror t,"""' .ide .""n'O_
tion ..""I Th. hi;".., "".k '''.<W>' (11 noll va. r«ord.d ror
in tMt
(.II e.oenti.lly ",e _one "",ioture .1o." ooou," as 10 ov.n
dryi"!; ""~
12) the ",olot",. 10.. rro~uo•• quite o""lonl vo1=. c~.on~•• ,
•. ~ .• nbout SJ re~""U"" 1" Yolu.~. o~ , ....







I. Aolrlon", J. L.• and ""l", J. L.: "Yree.log",,~ l.¥oploUlolOll Al~en
,he St""ec"". of ,",.'"nll. Cd.... Solenee, .01. 136. June 1962,
pp. IllG_Illl.
A"llocoon, D. >\ • .,,4 Koch"., P.,
••te.". Bolonoo 1~9. po. JI8-319.
"CryOulllution or Clay AOoo.\><,d
(1965) •
l. Alue~lOerrl. A. G.• and Loe.n, C. w•• Jr.: 'Ccnraetlon Varleble """
ColIIpo.otlon ~I'<'olflo.tlon"·. Pro<••JI",," or the ~hh >••noJ. "".d... Roo."
School, Jan. 1969•
• , Eftrden, L., &nO SIMs, G""rrery R.: "!)\glne.. lft& !!<rhovlor ""~ S'N._
lure of '_[.s.t.d CI.,.". J. :;Oil .... on. and 'eu"datlons DiY .• Vol. %.
July 1970.
~. C•• o.gr&n~'. A•. ""0 Hlncher.ld, ., C.: "5"0" !>et......... lo" ""0
Bt...,,,,,,t. Cn l.'l •• of. CI ' paolO" to • Connan< Dry Una
·".!~hC. T',-"o. R ,.." Conf. on Shur Streng'" of Coh..l •• !lolh.
f!oul ••• , Color.do, 10>60 .
•• CIllldo. e. C., ....O Collls"Goorg., H.:
H"Hld··. r.ocooai"". ~01.1 """clet1.
"'l'!"•• P.....abllity of Po.ou.
Vol. 201. A. 1950.
7. Cut~y. Thcau J .• an<l Townunu. D. L., "pore She ana rl&l4 t'ruH
!'erfor_nc.". ~I~nwa;r He.....ch 1\o&>'<1 IlI.ol.lH!n Ko. HI. 19<>2.
5. O<1< .....e. A.. aM ~'.nger. J., "~"oe.4en.c U"'H Jo<". Schno< Vol.
1~1. Jan. 1910.
o. Dl ......n~. r., "1'0•• :-1,. DIHrll>utlon In Clay..•• Clay. ana Cia.
lll"erol•• 1'01. 18, In70, nn. 7"".
10. Dovell. L. C.• an" H"n~<n. ~. I., "Lav 'l'eopOcoturo ro ..... or 1« as
~'''<1icd by X.Hay OIH,"e,i",•• nuu••• 1'0L 188. Doc. ~l. 1060.
pp. H'''"UIo8.
ll. Oeu•• L. C., "~o.e Site Dl.,dbutlon In l'o.ou. "o'•• \alo", Journ&1
or 100,..".lal a"o ~ln'HIIll! Ch ... lotry. Vol. .1. 10"9.
12. D..... L. C.. ""d RlttH, H. L.' ")(ael"<>pOr. Site OIot<lbu,lon. in
SOIOe 'I'1plcal PO.OU. e:u•• tancco". JouroaJ. o~ lndun.lal ...d li<Iglnccr_
IIll! Chemin.,. Vol. 11. 19~5. pp. 782"7&6.
n. IIulltotl. A. ~., "P,..,..i~ SlIrln."". In CO<or.o<.d Cl...... ·•• Can""!an






















































































































































































































L'O'H. S •• Tanner, J., "",4 R.I"'~" C.,
tn. S,rqe."". of Rapidly r ..n•• 11 Cd..l"
Vol. 9. ~o. 113, Dee. 1962. pp. 21_~6.
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"X_H",¥ I>let..,o\lon Study or
Solutions". Rlody"...I •• ,
30. Wyo•• R. J., "cytclOQ of,~ 1\1",,4 Fo....'..." Orsa"'" ~•• I•. ". 216,
Grunne .,,0 Stratton. ". I. 1956.
n. 1<.1.'1'. ,
Ru.a.oh
"D1g1."ulng II<!h•• lour of Partially
Repor' p6~.26, 1'>63. !'I'. 1_66.
32. Kecr)'lllOll. H. T" "Pdnelrlu of fr.... n.,.I"'I," new YO" '0-.1...,. or
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